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CARBOLIC ACID, HYDROXY-BENZENE, PHENIC ACID. 

< 

BENZO-PHENOL, PHENOL^ C« H« O H. 

These are the several designations that are given to thls 
product, whjch was discovered by Runge in 1834 (Pogg. Ann«» 
XXI 69, XXX 308), who called it Carbon OU Acid, or ÜarboUc 
Acid. 

Phenol is the type of a whole class of bodies which stände 
as it were, midway between Alcohols and Acids. 

The Phenols form a class by themselves, and are thoae 
Aromatic Compounds in which the Hydrogen atoms of Benzene 
nuclei are replaced by Hydroxyl (0 H). The Hydrogen of the 
latter is easily replaced by Metals or Alcoholic Radicals, but the 
other characteristics of a real acid are absent. 

Carbolic Acid is generally obtained f rom Coal Tar, and priB- 
cipally from the Carbolic oil fraction 210® to 240*^ or 250® C. 
This fraction is treated with Caustic Alkalies, in which the 
Phenol dissolves. The alkaline Solution is then decomposed bf 
the addition of a mineral acid and the Phenol is released. 

Phenol is also obtained from the light oils (110® to 210® a), 
but all the Phenol thus recovered from the fractional distilla- 
tion of Coal Tar contains water, resinous matter, Cresols and 
other Phenols, and must be repeatedly distilled and refined be- 
f ore it finally becomes a pure product. 

Phenol is a colorless, crystalline mass. The crystals when 
pure are long, colorless prisms. It is hygroscopic, has a char- 
acteristic odor, hot, buming and sweet taste, and poisonous and 
antiseptic properties. 

. It is volatile with steam. Ferric salts impart a violet col(»r 
to its neutral Solutions, and when Phenol is f used, it is as limpid 
as water and perf ectly colorless. 

Phenol is a weak acid (Walker, Phys. C3iem., Chap. XXIV) , 
which is shown by Carbonic Acid easily decomposing its Sodium 
Salt. 
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The nitration of Phenols f umishes Nitro-Phenols which can 
be converted into Amido-Phenols by reduction. 

Laurent in 1841 obtained it pure and gave it the names 
Hydrate de Phenyle or Acide Phenique, from a Greek word 
meaning to illuminate, probably because it occurs in the Tar, 
produced in the manuf acture of illuminating gas. 

Gerhardt, who prepared Carbolic Acid from Salicylic Acid» 
introduced the name Phenol, indicating thereby that it was an 
Alcohol. 

In 1867 Lister showed its great importance in surgery as a 
disinfectant. 

Phenol is highly poisonous, and has a strong caustic action 
on the skin, quickly causing blisters, it also causes the skin to 
harden or shrink. 

A remedy f or the pain and bad effects of Phenol blisters is 
f atty oil. S 

Intemally its poisonous properties are shown in its corrosive 
action upon the epithelium and its property of coagulating Albu- 
men. It appears to act on the nervous System by paralyzing the 
nerve centers. 

According to Allen, even a momentary contact of strong acid 
with an extensive surf ace of the lower part of the body is mostly 
fatal, but it has comparatively little effect upon the arms. 

When weak Solutions of Phenol are applied to the skin, f or 
any length of time, a surf ace paralysis of the nerves, or numb- , 

ness, results a few hours afterwards. This exceedingly painf ul 
f eeling lasts f or many hours, and the skin becomes as sensitive 
as though blistered, and yet may show no trace of Irritation 
whatever. = 

In a few days time the condition will generally disappear. < 

The poisonous action of Phenol is given by Bokomy (Chem. 
Zeit. 1906, 554). 

Strong Phenol dissolves Gelatin completely, but coagulates it 
when added to its aqueous Solutions. 

The unpleasant odor of Carbolic Acid can be entirely masked 
by a little Oil of Geranium. 

Phenol f orms true salts. An atom of Hydrogen is replaced 
by an atom of a monovalent metal. (Wahl and Atack, Manu- 
f acture of Organic Dyestuflfs, 1914). 

The Sodium salt is called Sodium Carbolate, Sodium Pheno- 
late, or Sodium Phenate, or Phenoxide. 

Most of the salts of Phenol are readily soluble in water, 
and are far more stable than their corresponding Alcoholates. 

Indigo blue (Indigotin) is soluble in hot Phenol and may 
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be obtained in crystals on cooling the liquid, 

Obermiller (Berl Ber., 1907, 8628) has studied in detail 
the action of Sulphuric Acid on Phenols. 

For the sulf onation of Phenol, see Eekule (Ber^ 1869, 2» 
880) and Obermiller (Ben, 1908, 41, 696). 

Phenol, like the Alcohols, is capable of forming Ethers 
(Anisole) and Esters (Phenylacetate) • 

Phenol dissolves in 15 parts of water at 20* C« and very 
readily in Alcohol, Ether, Glycerin, Carbon Disulphide and Glar 
Gial Acetic Acid. At 84^ C« Phenol is miscible in all proportions 
with water« (Green, Organic Coloring Matters, 1908). 

The per cent. of water in Carbolic Acid, according to Vulpius 
(Wagner-Fischers, Jahresber., 1884, 494) can be tested by adding 
Olive Oil. 

Carbolic Acid free from water can be mixed with many 
▼olumes of Olive Oil without becoming turbid. The more watcor 
the Carbolic contains, the less Olive Oil it will take. 

Carbolic Acid containing 10^ of water will give a dear Solu- 
tion when mixed with f our volumes of Olive Oil, but will become 
strongly turbid with five volumes. 

1% of water in Phenol can be recognized by shaking the 
Phenol with its own volume of Chloroform or Ether, in which 
ease it will produce a milky liquid. 

The quantity of water in Phenol can also be determined by 
the increase in volume of a concentrated Solution of Calcium 
Chloride. 

Phenol containing from 7% of water upwards becomes 
liquid. 

Alexeieff gives a table of solubilities of Phenol in water and 
water in Phenol. 

Adrieenz (Ber., 1878, 448) gives a table of the volumes of 
PhenoL 

Hamberg (Ber,, 1871, 751) gives the solubility of PhenoL 

Seidell (Solubilities of Inorganic and Organic Substances, 
1911) gives tables of solubilities of Phenol in Water, Parat&ne, 
Benzol, Acetone, Aqueous Tartaric Acid, Amyl Alcohol, Aqueous 
Potassium Sulphate, Toluene, m-Xylene, and Carbon Tetra- 
Chloride. 

For solubility in water see Alexejew (Wied., Ann., 28, 805, 
1886), Schreinemaker (Z. physik. Ch., 88, 79, 1900), Rothmund 
(Z. physik. Ch., 26, 474, 1898), Vaubel (Jour. für praktische 
Chemie. Leipzig (2), 52, 73, 1895). 

For solubility in Amyl Alcohol see Herz and Fischer (Ber., 
37, 4747, 1904). 
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For solubility in Benzol, Vaubel (Jour. für praktische 
Chemie. Leipzig (2) , 67, 476, 1903) , Schweissinger (Pharm. Ztg., 
1884, 1885), Rothmund and Wilsmore (Z. für physikalische 
Chemie, Leipzig, 40, 623, 1902). 

For solubility in Toluene and Xylene, Herz and Fischer 
(Ber., 38, 1143, 1905). 

For solubility in Carbon tetrachloride, Vaubel (Jour. für 
praktische chemie. Leipzig (2), 67, 476, 1903). 

Schreinmaker gives the solubilities of Phenol in Acetone, and 
in Tartaric Acid aqueous Solutions. 

Schweissinger (Pharm. Zeit., 1885, 259) shows the solu- 
bility of Phenol in Petroleum-spirit at different temperatures. 
At 43° C. one volume of the former dissolving in one volume of 
the latter. 

The solubility in Paraffine Oil is about the same. 

This property of Phenol is utilized in the manuf acture of 
loose crystals. 

The history, manufacture, application and examination of 
Carbolic Acid are monographically treated by H. Koehler in his 
Carbolsaure and Carbolsaureparate, Berlin, 1891. 

Synthetic Phenol is in every way the same as the regulär 
Phenol, except that it is apt to be the purer product of the two. 

There can be no Cresols present in ssmthetic Phenol. 



MELTIN6 AND BOILING POINTS OF PHENOL. 

Lunge (Goal Tar and Ammonia, 1909) gives the melting 
point as 43® C, boiling point 183® C. and Sp. Gr. 1.084 at 0® C. 

Martin (Dyestuff and Goal Tar Products, 1915) states that 
commercial Phenol should melt at 39® to 40® G. and boil at 183® 
to 186® C. 

Green (Organic Goloring Matters, 1908) gives the melting 
point as 41® G., boüing point 188® G., Sp. Gr. at 40® G. 1.05433 
for pure Phenol, and that the commercial product melts at 30® 
and boils at 183® G. 

Gain and Thorpe (Synthetic Dyestuffs, 1913) give the melt- 
ing point at 42® G«, boiling point 181.5®, and 30® G. as the melt- 
ing point of commercial samples. 

Wahl and Atack (Organic Dyestuffs, 1914) gives the melt- 
ing point as 42® G. and boiling point 182® G. 

Perkin and Kipping (Organic Ghemistry, Part II) give the 
melting point as 42® G. and the boiling point as 183® G. 
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Richter (Organic Chemistry, 1911, Vol. II) gives the meltp- 
ing point at 43° C, boiling point 183° C. and the Sp. Gr, at ©• 
as 1.084. 

Bernthsen (Organic Chemistry, 1912) gives the meltinfi: 
point as 42° C. and boiling point as 181° C. 

Ghoay (Comptes. rend., CXVIII, 1211) determined the melt- 
ing point of absolutely pure Phenol as 42.5° C. or 43° C, and the 
boiling point as 178.5° C, and ordinary ''pure" Phenol as fusing 
at 35.5° C. and boUing at 188° C. 

The German Pharmacopoeia requires a f using point of 40° 
to 42° C. 

The solidifying point is fixed by some authorities at 39 "^ 
to 41° C. 

Eger (Pharm. Zeit., 1903, 210 ; Chem. Zeit., Rep., 1903, 86) 
Claims that the' purest Phenol solidifies at 40.9° C., and its f using 
point at most is only 0.1° higher. 

In damp air Phenol absorbs water, and its f using point is 
lowered by the f ormation of a hydrate C^ H« H, containing 
16.07% of water and f using at 17.2° C. (Allen, Analyst, III, 319). 
The hydrate begins to lose water at 100° C., and thus gradually 
arrives at the B. P. of anhydrous Phenol. 

Phenol f using at 42° C. is less deliquescent than that melting 
at 35° C. 

Eraemer and Spilker have given a method f or determining 
the solidifying point of Phenol. 

It is Seen from the foregoing that the authorities vary 
greatly as to the true melting and boiling points of Phenol. 
This is due largely to the impurities that are present in the 
most of the regulär Carbolic Acid that has not been made 
synthetically. 

The three Cresols are present to a greater or less extent in 
the most of commercial Phenol. 

o-Cresol has a melting point of 30° C., boiling point of 191° 
C. and Sp. Gr. 1.043. 

m-Cresol has a melting point of 4° C., boiling point 203° C, 
and Sp. Gr. 1.035. 

p-Cresol has a melting point of 36° C., boiling point 202° 
C., and Sp. Gr. 1.034. 

The melting points of the Cresols are seen to be much below 
that of Phenol, and their presence then is indicated in the low 
melting point of commercial Phenol. 

The boiling points of the Cresols are much higher than 
Phenol, again being responsible f or the variations in the boiling 
point of Phenol. 
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CAST IRON JACKBTED SULPHONATING KETTLE, WITH AGITATOR 

AND SYPHON DISCHARGE. 

Capacity 321 gal., weight 7,000 Ibs., outside diameter 5 ft., height over 
all 6 f t 8 in. Can be bullt for $550.00 Includlng pattern work. 

Eight Sheets of detail drawlngs and names of manufacturers who have 
submitted blds are fumished. 

The same kettle wlth 4 way yoke support for agltator drlve, same prlce. 

Or elther style of kettle wlth valve outlet In bottom, instead of syphon 
dlscharge, same prlce. 

Prlce of elther set of these drawlngs, $100.00. 
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The Sp. Gr. of the Cresols is also lower than Phenol. 

The presence of 1.3% of Cresol in Phenol reduces the M. F. 
8^ C. or to about 31.5^ C.» according to some authorities. 

The presence of water, even m Crystalline Phenol, materially 
affects the melting and boiling points. As mach as 6% of water 
may be present in Crystalline Phenol and the f using point ma- 
teriaUy lowered in consequence. 



LFTERATURE. 

There is considerable literature on Carbolic Acid in gen- 
erale and especially on its manuf acture f rom Goal Tar distillatea. 
Most of this work has been reviewed, covered and exhaustively 
treated on, in Lunge's Goal Tar and Ammonia, Part II, 1909. 

The literature on ssmthetic Phenol, however, is more limited 
and f requently con^ed to only a f ew lines or paragraphs, in 
the most of the descriptions. Some of the accounts are found 
in the f ollowing, which are the sulf onation process. 

Wurtz, Dusart and Kekule, in 1867, discovered simultane* 
ously, that on f using Benzene-monosulphonic Acid with Gaustic 
Potash, that Potassium Phenate and Sulphite are produced; 
upon decomposing the Phenate, Phenol results. 

Gaustic Potash being higher priced, Gaustic Soda is used 
instead. 

G. Schultz, Die Chemie des Steinkohlentiers, 1900, VoL I, 
189. 

Allen (Gom. Org. Anal., VoL III, 1910, 289), giving two 
methods for the synthesis of Phenol. 

Gain and Thorpe, Synthetic Dyestuffs, 1913. 

Fay, Goal Tar Dyes, 1911. 

Perkin and Eipping, Organic Ghemistry, Part II. 

Bemthsen, Organic Ghemistry, 1912. 

Jayne, Am. Jour. Pharm., Dec, 1891, and J. S. G. L, 1892, 
264. 

Wahl and Atack, Organic Dyestuffs, 1914. 

Georgievics, Ghemistry of Dyestuffs, 1903. 

Blücher, Modem Industrial Ghemistry. 

Richter, Organic Ghemistry, 1911, Vol. II. 

Lunge, Goal Tar and Ammonia, 1909, Part IL 

Phenol can be produced artificially f rom Benzene, by oxida- 
tion with nascent Oxygen, or even with free Oxygen (Friedel 
and GrafFts, Bull. Soc. Ghim., XXXI, 463). 
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An account of the synthesis of Phenol from Aeetylene is 
given by Berthelot (Compt. rend., 1898, (23), 908-911), and 
abstracted (J. S. C. I., 1898, 127), and also (Annalen, 154, 182), 
(G. Schroeter, Annalen, 303, (1), 114-132). 

Phenol is also obtained by the oxidation of Anüine. The 
process being as f ollows : 

Pure Aniline Oil, pref erably that grade called '^Aniline f or 
blue,'' is dissolved in water in a lead lined tank, covered with a 
hood and provided with stirrers and leaden steam coils. 

The Solution is acidified very strongly with Sulphuric acid, 
and to the hot liquid a Solution of commercial Sodium Nitrite is 
gradually added, when Phenol is at once f ormed. 

In this reaction the Sodium Nitrite in contact with the acid 
Solution, liberates Nitrous acid, which f orms Diazobenzene Sul- 
phate with the Aniline Sulphate. 

2(C« H« N H,) +H, S 0, + 2(H N O,) =2(0, H. N,) S 0,+ 

4(H,0) 

but as the Solution is hot, the Diazo Compound at once decom- 
poses with the f ormation of Phenol, and evolution of Nitrogen. 

2(C. U, N,) S O4 + 2(H, O) = 2(C. H. O H) + H, S O, + 4 N 

The only practical and economical way, however, is by the 
Sulphonation process, starting with Benzol. 



USES. 

Phenol is used in the manuf acture of Picric Acid. 

Schmidt & Glutz (Mon. Sei., 1878, 1115; Ber., 2, 62), 
(FrenchPat, 345,441). 

Laurent (Ann., 1843, 43, 208). 

(Eng. Pat, 4539, 1889), (French Pat., 315,695). 

(Martins., Ind. Chem., Vol. I, p. 632), Fay (Goal Tar Dycs, 
1911). 

Phenol is used in producing Coralline or Aurine. 

Zulkowski (M. f. Gh., 1895, 358-403) , Runge (Berz. Jahres- 
ber., 15, 423), Schultz (Die Ghemie des Steinkohlentheers, 2nd 
Edit, n, 515). 

Phenol is used in Azo colors, in Oxidised Triphenylmethane 
colors, and in the Salicylates. It is used as a disinfectant, for 
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antiseptic purposes» as a preservative of beet juice (Cunisset 
Bull. Soc. Chim., 1874, XXI, 47) and (Hulwa, Wagners Jahres- 
ber., 1875, 795), and for destroying Lactic Acid ferment in the 
manufacture of Alcohol (Maercker, Wagners Jahresber., 1872, 
826). 

Kellner (Chem. Zeit., 1884, 122) found it a good remedy for 
the parasitic diseases of plants and animals, and manure con- 
taining 2^% of it is harmless to the plants, except when put on the 
field with their seeds. 

Eletzinsky (Wagners Jahresber., 1884, 601) showed that it 
possessed tanning properties, and Bandet (Wagners Jahresber., 
1870, 669) obtained a patent for the same purpose. 

Harcke (Ger. Pats., 16,022 and 19,633) adds Phenol in the 
currying process, and produces artificial leather with Phenol as 
one of the ingredients. 

Shaw (Ger. Pat., 27,270), and Beda (British Pat., 16,647, 
1886) proceed in the same manner. 

Sodium Phenolate prevents dry rot in timber, and is also 
used in the manufacture of lining stones for Converters (Hus- 
tener Gewerkschaft, Z. angew. Chem., 1889, 132) . 

The Neue Augsburger Kattunfabrik ((Jer. Pat., 95,692) em- 
ploys a weak Solution of Phenol in calico printing. 

Gassmann and the Usines du Rhone (Ger. Pat., 99,756) em- 
ploy Phenol for dissolving coloring matters insoluble in water. 

Justin Mueller (Bull. Soc. Ind., Mulhous, Vol. 76, p. 72) finds 
that an addition of Phenol to the colors for printing on wool has 
the same effect as chlorinating the wool. 

Phenol is a solvent for Casein, and numerous patents have 
been taken out by B. B. Goldsmith covering its application in 
thermo-plastics. 

Phenol and Formaldehyde are the principal constituents of 
the Phenol-Aldehyde condensation products, or synthetic resins, 
now so generally used and designated as Bakelite and Conden- 
site. The latter is the important constituent of the Edison Disk 
Talking Machine Records. Numerous patents cover the many 
variations in these synthetic Resins and the Varnishes and Lac- 
quers made from them. (See A. Luft, L. H. Baekeland, H. Le- 
bach, J. W. Aylesworth, De Laire, Wetter, KnoU & Co., Blumer, 
Bayer, Kleeberg, Smith and Story). See Balkeland (J. S. C. L 
(3), 1909; (8), 1909; (12), 1911; (10), 1912; (6), 1913 (2), 
1916: Trans. Am. Electrochemical Soc. 1909, 593). 

Phenol is combined with soap, and one of its common desig- 
nations is Creoline. 

Lysol is a water soluble preparation of Phenol, another 
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designation f or it is Sapocarbol. 

Anthrasol is a preparation of Tar-Oils containing Phenol, 
and used f or therapeutic purposes. 

Lysof orm is Lysol and Formaldehyde. 

Lysosulf ol is a Sulphur Compound of Lysol. 

Carbollysof orm is Lysof orm and crude Carbolic Acid. 

Non-poisonous disinf ectants called Oxychinaseptol or Diapb- 
therin are made from Phenol and Oxyquinoline. 

Solveol f or surgical purposes is Sodium Salicylate and CresoL 

The Sozoiodols of Trommsdorf unite the action of lodof orm 
with that of Carbolic Acid in the treatment of wounds. 

Phenosalyl is a mixture of Carbolic Acid» Salicylic Acid« 
Lactic Acid, Menthol, Glycerin and Borax. 

Microsol is a Solution of Cupric Sulphate containing free 
Sulphuric Acid and 10% Cupric Phenolsulphonate. 

Sanatolyse consists of Carbolic Acid, Sulphuric Acid and 
Ferrous Sulphate. 

Metakalin in the form of tablets contain Phenol (B. F. 
9958, 1904). 

Sozal (Scherges, Pharm. Zeit., 1892, 489) is Aluminum panir> 
phenosulphonate and more efficacious than Aluminum Acetate 
in the treatment of ulcers. 

Salol is Salicylic Acid fused with Phenol and then heated 
with Phosphorus Oxychloride (Neucki), it is Phenylate of Sali- 
cylic Acid. 

Aspirin is Acetylsalicylic Acid and is made by heating Sali- 
cylic Acid with Acetic Anhydride, or Acetyl Chloride, and re- 
crystallizing from Chloroform. (U. S. Pat, 749,980), (Eng. 
Pat., 15,517, 1902.) 

Phenol-Zinc Solutions are used in preserving timbers from 
decay and dry rot (Chem. Zeit, 1885, 602) . 

Phenol yields Phenol Carboxylic Acid with Carbon Tetra- 
chloride and Sodium Hydroxide. 

Phenol Aldehydes are produced from Phenol, Chloroform 
and Caustic Soda (Salicylaldehyde) . 

Phenol condenses with Formaldehyde to Phenol Alcohols 
(Seligenine). 

Heating Phenol with Malic Acid and Sulphuric Add pro- 
duces Coumarine. 

DyestufFs belonging to the Aurine series are obtained from 
Phenol and Benzotrichloride. 

Hydrogen Dioxide converts Phenol into Catechol, Hydroquin- 
one and Quinone. 

By the action of Fused Sodium Hydroxide on Phenol, Phloro- 
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firlucinol, Catechol and Resorcinol are f ormed with other producta. 

A liquid Phenol soap of 12% strength is made by mixing 

Carbolic Acid, Caustic Potash, Oleic Acid and water (Chem. Jnä^ 

1897,346). 

Helmers makes Phenol soluble by means of the Sulphonic 
Acid of mineral or Resin 011 (Ger. Pats., 76,133 and 80,260). 

Ortho-Oxyquinoline is employed by Fritzsche (Ger, Pat*, 
88,520) in dissolving Phenol in all proportions in water. 

Alb. Friedlander (Ger. Pat., 181,288) makes Phenol soluble 
in water by adding smaU quantities of Sulphonic Acids or Sul- 
phonates. 

Hiscott (B. P. 20,246, 1896) mixes 50 to 100 parts com- 
mercial Carbolic Acid with half its weight of melted Resin, 
suflicient concentrated Caustic Soda Solution, and 7 to 8 parts 
of Cotton-seed or Cocoanut Oil, to make the Phenol soluble. 

Jeyes (B. P. 16,427, 1885) saponifies Carbolic Acid and 
Cocoanut oil, by Caustic Soda, and makes the product more 
soluble by adding Sodium Sulphate, or Carbonate, during the 
f usion. 

Hargreaves (B. P. 18,469, 1889) employs the Chlorinated 
Phenols or their salts f or the same purpose. 

Carbolic Acid soap is sold to contain from 10 to 20% of 
Phenol, but usually contains much less and loses a part by 
evaporation (Allen's Org. Anal.). 

Solutions of Phenol in oil do not possess the same disinfect- 
ing power as those in water (Koch. Wolffhugel and Knorre, J. S. 
C. L, 1882, 244). 

Disinfectant powders made from Phenol and Calcium Sul* 
phite, China Clay, Lime and other materials are now numerous. 

Carbolic Acid tablets for deodorizing the air in closets, hos- 
pitals, etc., are in populär use. 

Phenolith is anhydrous Boric Acid and Phenol. (Holts, 
Ger. Pat, 6498), (Lutze, British Pat., 22,136, 1897). 

Phenol and Oxalic Acid are mixed by Rutgers (Grer. Pats., 
137,584 and 141,421). 

Dawson (British Pat, 11,908, 1895) gelatinizes Phenol by 
adding waxes. 

England (British Pat., 16,422, 1894) makes antiseptic 
manure of Phenol, Superphosphates and Gypsum. 

Lysopast and Phenopast are mixtures of Lysol and Phenol. 

Raetz (British Pat, 27,889, 1903) renders Solutions of Phe- 
nols solid, by treating them with Aldehydes and Ketones. 

Phenolphthalein is made from Phthalic Anhydride and Phe- 
nol (Ber., 1871, 4, 658), (Ber., 1876, 9, 1230), (Ann., 1880, 202, 
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68). 

Diphenylene Oxide is produced when Phenol is distilled over 
Lead Oxide. 

Aurine results when Phenol is heated with Oxalic or Formic 
Acid and dehydrating agents. 

Potassium Permanganate oxidizes Phenol to inactive or Me- 
sotartaric Acid. 

Chlorine changes Phenol to Keto-chlorides. 

Chlorine and Caustic Soda convert Phenol into Trichlor-R- 
pentene dioxycarboxylic Acid. 

Anisole is obtained by heating Phenol and Caustic Potash 
with Ethyl or Methyl lodine in Alcohol Solution. 

Alksdi salts of Phenol are converted by Carbon Dioxide» at 
higher temperatures, into the Alkali salts or Oxy-acids» Phenol- 
Carboxylic Acids (Salicylic Acid). 

Salicylic Acid is produced by passing heated Carbon Dioxide 
over Sodium Phenolate (Kolbe). It is used largely in medicine 
and chiefly in the form of its Sodium salt, and as a component in 
the production of mordant Azo-dyes. 

The suphonation of Phenol f umishes Phenol-sulphonic Acids, 
which find their use in the manufacture of dyestuffs and medi- 
cine. (Sozolic Acid and Aseptol) their salts are sometimes sold 
as Sozoidols. 

Of all the above technical uses, probably the commonest are 
f or disinf ectants, Salicylic Acid, and for synthetic Resins. 

The f oregoing are not by any means the only uses of Phenol, 
but they serve to show that Phenol, or Carbolic Acid, has an 
extensive use in the technical arts and for pharmaceutical pur- 
poses, aside from its frequent use in the production of Picric 
Acid or Trinitro Phenol, which appears as Melinite, Roburite, 
Shimosite and Lyddite, the high explosives of modern warf are. 



THE REDDENIN6 OF PHENOL. 

The reddening of Phenol is attributed to many different 
causes. 

Kohn & Fryer ( J. S. C. I., 1893, 107) daim the presence of 
Thiophene causes the red coloration of Phenol. 

Kraemer Claims the reddening of Phenol is due to Benzoic 
Acid. 

Sicha attributes it to traces of Copper (J. S. C. I., 1882, 
897). 
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Kremel, to other metals (Chem. Zeit., 1886, Rep., 14), and 
also Meyke (Fischers, Jahresber., 1883, 513). 

Yvon assumes it to be Rosalic acid (Pharm. J., Trans., 1881» 
1051). 

EbeU, to other oxidised Compounds (Rupert anal. Chem., 
1884, 17), also Richardsony (J. S. C. L, XII, 415), Bach (Monit. 
Scient., 4, VIII, 508), Gordon, Boes and Reuter. 

Kramer & Spilker (Berl. Ber., 1890, 648) claim the colora- 
tion is due to Indene. 



ESTIMATION OF PHENOL (BIBLI06RAPHY). 

Messinger & Vortmann (Ber., 1890, XXIII, 2758). 
Riegler (J. S. C. L, 1900, LXXVIII, 112). 
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Lloyd (Chem. Centr., 1905, 1, 599). 
Leube (Dingl polyt J., CCII, 308) . 
Carre (Comptes. rend., 1891, 139). 
Nietsch (Wagners Jahresber., 1879, 1036). 
Bader (Z. anal. Chem., 1892, 68). 
Korn (Z. anal. Chem., XXXVIII, 552). 
Wake & Ingle (J. S. C. L, 1908, 215). 
Storch (Berl. Ber., XXVII, 90). 
Tocher (Pharm. Jour., LXVI, 360) . 
Reuter (Chem. Centr., 1905, I, 1012). 
Raschig (Z. angew. Chem., 1907, 2065). 
Hantzsch and Desch ( Annalen, CCCXXIII, 1902, p. 1) . 
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Raschig (Pharm. Zeit., 1908). 

Characteristic reactions of Phenol are given by Peters (Z. 
angew. Chem., 1898, 1078). 



SYNTHBTIC CARBOLIC AOID FROM BENZOL 19 



A PROFITABLE ENTERPRISE. 

There is probably no other chemical today, that is used 
in liberal quantities, that has offered the splendid opportunities 
f or Investment that Phenol has. 

This Situation has now existed f or one year. Twelve months 
ago Carbolic Acid was 50c. per pound, and it now sells for $1.50. 
The price has fluctuated between $1.50 and $1.75 for some time. 

At 50c. it was a splendid business opportunity, and then 
meant a profit of over 30c. per pound. Today this profit is 
nearly $1.25 per pound, and the demand for it is without limit. 

In normal times we import over 3,000 tons annually for 
technical purposes alone, and these wants have now increased 
probably 50% without the war requirements. 

All Stocks of Phenol were long ago exhausted, and what 
little is now made goes into Picric Acid or into the Salicylates, 
either of which pays handsomely no matter what the Phenol 
costs. 

It would take 15 plants, each producing one ton of Phenol 
per day, to take care of the peacef ul requirements for Carbolic 
Acid, not counting the requirements for replenishing the ex- 
hausted Stocks long since disposed of . Then an equal number 
of plants could produce Phenol for Picric Acid purposes and 
make no Impression whatever on the Picric Acid demands. 

Single requisitions of 1,000 tons of Picric Acid have come 
to this country without finding a Single taker, and one order of 
this kind would run two Phenol plants, each producing one ton 
of Phenol per day for 12 months each, and as many more similar 
Orders could be had as wanted just for the asking. 

Is there then any other Chemical, in the whole list of needed 
articles, in which such opportunities have been offered as in 
Phenol, and the American public today is about as hesitant in 
taking it up as they were twelve months ago. Any plant that 
would have been running for the past six months, and producing 
one ton per day of Phenol, could have made a clean profit of 
nearly one-half million doUars, and on a plant costing less than 
$35,000 for land, buildings, power, machinery, apparatus and 
everything included. 

Why then has there been this reluctance to engage in so 
iucrative an enterprise? 

The answer is "ignorance" and the acceptance of the sup- 
position that we really are not able to make the chemicals that 
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we have been importing. This is equally true in the Aniline 
industry and probably will continue so, until Chemists and En- 
gineers specialize on separate products, until they out-Gemxan 
the Germans and produce these products better than they have 
ever been made bef ore, and as cheaply, and which the American 
people can easily do if they would only think so. 

Twelve months ago there was but one Synthetic Phenol 
plant operating in the United States. After this plant had been 
running some time successf uUy and producing Phenol in lar£:e 
commercial quantities, and as late as the early part of Febru- 
ary, 1915, it was still called by most Outsiders as a farce and 
failure. 

Many weeks elapsed bef ore the public at large would believe 
that Synthetic Phenol could be made in a commercial way, and 
not until the National Exhibition of Chemical Industries in New 
York in September, 1915, when five separate manufacturers ex* 
hibited samples of Synthetic Phenol that they were making, was 
the proof made positive. 

The public then were finally disposed to accept the process 
as a f act. The display served its purpose, and all doubts were 
at last removed. 

Our other needed Coal-Tar derivatives, Aniline, etc., are just 
as easily made, many of them far easier than Phenol, but Chem- 
ists and Engineers must specialize on some one or two of them, 
practicalize the chemistry, and devise the necessary apparatus, 
and make it so that it will be superior to anything the Germans 
ever dreamed of . The Germans have 'Tbuffaloed" the people of 
the World on their chemical Industries, until every one is ready 
to believe their superiority as an unchangeable f act. 

How long is it that American ingenuity has been second to 
German mechanical conceptions, and how long is it that Ameri- 
can inventive genius has been second to any anywhere in the 
entire world? 

Are the German f ormulas and reactions in the Benzene de- 
rivatives any diflferent f rom the American f ormulas f or the same 
reactions? Are not the text books and literature on the chem- 
istry of these Compounds readily accessible to every American, 
and does not .every chemical and color manuf acturer have the 
opportunity of taking the literature on these products and com- 
mercializing their production, through a little ingenuity and me- 
chanical application? 

AU honor is due the German people f or their application and 
achievements, but we can readily outdo them on these very In- 
dustries if we make up our minds to really try to do so. 
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VOLUME OF BUSINESS AND PROFITS. 

The volume of business done even in a one-ton synthetic 
Phenol plant is stupendous and the profits are enormous. 

At the present prices of Phenol of $1.60 per pound» a one- 
ton plant would produce over $3,000 worth of Phenol dafly, er 
over $1,000,000 worth per year. 

The Profits would be over $2,600 dafly, or three-quarters of 
a million dollars annually. 

If such a plant could operate only for two to three weeks 
it would pay for the entire Investment of apparatus, bufläings, 
power and everything eise in that time. 

It would require about $700 worth of raw materials daily 
to supply such a plant, and its operating expenses and labor, 
while amounting to about $50 per day, makes so small a per cent. 
on the volume of business done, that it is scarcely worth con- 
sidering. 

From 16 to 20 men will operate a one*ton plant, and two 
tons of coal daily would easily f umish the power. 

No matter what price the raw materials may be costing, 
it would Vary the cost of the Phenol not over 3 to 6 cents per 
pound, and 25 to 30 cents per pound is now about its average 
cost, leaving a profit of about $1.25 per pound. If the Phenol 
sold as low as 60 cents per pound the profits would be about 
$1,000 per day on a one-ton Output, and bef ore the selling prico 
can go as low as that the price of the raw materials must cor- 
respondingly fall. 

It would seem from this that the inducement was sufficient 
to encourage the starting of enough Ssmthetic Phenol plants in 
the United States within six months to supply the world with all 
the Phenol and Picric Acid that it could consume. 

Ignorance of the chemistry of this subject, however, and an 
inclination to stfll believe America cannot do what Europe has 
been doing for years in chemicals, is probably responsible for 
this dilatory work. On other lines of industry the United States 
is not so lacking in initiative as we seem to be in chemistry. 

The Publicity regarding some of the principal essentials of 
Carbolic Acid manufacture, that it is hoped this pamphlet will 
be responsible for, should direct attention to a new industry that 
can be made permanent, for the product can be profitably made 
in ordinary times, and drive out of the market every trace of 
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the regulär Phenol f or the better uses, and where the Cresols 
must not be present as they are in the most of it, that is not 
made synthetically. 



THE SYNTHETIC PHENOL PROCESS BY SÜLPHONATION. 

The process of manuf acturing synthetic Phenol by sulphona- 
tion is as well defined as is the precess of making Aniline Oil or 
any other chemical Compound. 

There are countless authorities as to the proper reactions 
and procedure, and while there are possibilities of proceeding in 
ways diff erent f rom the accepted methods, upon practical linea 
alone, those ways very soon give place to the Standard methods 
of operating. 

Many impractical and Substitute ways, however, are daily 
advocated, and for this reason a general outline of the process 
is here given^i 

The synthesis of Phenol consists of five separate and dis- 
tinct reactions, each simple in itself , and beyond question as to 
its practicability and as to its results. 

First — ^The sulphonation of Benzol to Monosul- 

phonic acid. 

Second — ^The conversion of the Benzene Sulphonic 

Acid into a Calcium Salt Solution. 

Third — ^Converting the Calcium Salt Solution into 

a Sodium Salt Solution. 

Fourth — Fusing this Sodium Salt when dried, with 

Caustic Soda, to produce Sodium Phenolate. 

Fifth — Decomposing the resultant Sodium Pheno- 
late with a mineral acid to liberate the Phenol. 

The balance of the process consists in mechanical Opera- 
tions, merely to facilitate these five reactions. 

Nearly every inexperienced person contemplating the pro- 
duction of synthetic Phenol, believes that he can do it diff erently, 
and this in face of the f act that the entire world today is pro- 
ducing Phenol in precisely the above manner. 

On sulphonation there is at present no question whatever as 
to the method of procedure. 

CeH. + H, SO, = C.H, SO3H + H, O 

Quantities and strengths of the Sulphuric Acid may vary. 
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but some form of sulphonation must result. 

Concentrated Sulphuric Acid is used and not Fuming Acid 
(Oleum). Fuming Sulphuric Acid is liable to change not only 
a part of the Benzol, but its Monosulphonic acid also into a 
mixture of meta- and para-disulphonic acids. 

Considerable quantities of the meta-acid are f ormed even 
at lower temperatures should an excess of Fuming-acid be 
present. 

Higher temperatures or prolonged heating» even with con- 
centrated Sulphuric Acid, will form a mixture of both mono- 
and disulphonic acids« 

The evolution of Sulphur Dioxide in sulphonation, indicates 
an oxidation and consequent destruction of a portion of the sub- 
stance that is being sulphonated. 

It is the Chemical Engineer's business then to teil and 
show you just what is the best and most practical method of 
procedure in sulphonation, to produce the desired Benzene* 
monosulphonic acid, which alone can be eventually converted 
into Phenol. 

The production of the Sodium salt has offered many oppor« 
tunities f or departures from correct methods, and so numerous 
recommendations are continually being f ound f or the production 
of the Sodium salt direct, rather than from the Calcium salt that 
should be made first. 

It is true that the Benzene sulphonic acid can be converted 
into the Sodium salt direct, as f or instance, by using Soda Ash 
(Sodium Carbonate) for both neutralizing and conversion, as per 
the f oUowing f ormula : 

2(Co H, S O3 H) + Na^ 0» = 2(Ce H« S 0, Na) + C O, + H. 

H2 S O, + Na^ C O3 = Na, S O, + C O2 + H, O 

or by using Salt Solutions (Sodium Chloride) for the same pur- 
pose, but while it is possible to do this it is very impractical. 

CeH3S03H + NaCl = CeH5S03Na + HCl 

H^ S O, + 2(Na Ol) = Na, S O4 + 2(H Cl) 

In the former case the evolution of C 0, would greatly hinder 
the Operation, and the guantity of Sodium Carbonate necessary 
would make the cost prohibitive. 

In the latter case the evolution of Hydrochloric acid f umes 
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would endanger the lives of the Operators, and destroy portiona 
of the apparatus, or make necessary the construction of mach 
expensive apparatus additional to the real requirements of a 
Synthetic Phenol plant. 

The correct use of Lime in neutralizmg is not f or the purpose 
of preparing a Calcium salt Solution, but for the purpose of 
quickly and cheaply getting rid of the excess Sulphuric Acid. 

H^ SO, + Ca (OH), = CaSO, + 2(H, O) 

The production of the Calcium salt is merely incidental to 
this purpose and unavoidable. 

2(C. H„ S O, H) + Ca (O H), = (C« H, S O,), Ca + 2(H, O) 

After this it is then an easy matter to produce the Sodlum 
salt from the Calcium salt and no evolution of C O, or nozious 
vapors accompanies either of these proper reactions« 

(C,H,S03)aCa + Na,CO,=:?(C,H,S03Na)+CaCO, 

This production of the Sodium salt, finally dry and in suit- 
able condition, and appropriate guantities ready for f usion with 
Caustic Soda, are important steps and the methods for effecting 
them should be recommended by a competent Engineer having 
extended experience in this particular work. 

The f usion of the Benzene monosulphonic acid with Caustic 
Soda is probably the most important portion of the Sjmthetic 
Phenol process. It also is probably the most unsatisfactory 
portion under the methods that have generally prevailed in the 
past. 

CcH,S03Na + 2(NaOH) = CeH,ONa + Na,SO,+HsO 

The Caustic Soda melting at 590"^ F. has usually been stirred 
in open kettles where the Contents could spatter and become 
dangerous in case of bums. The melt has been ladled by band 
much like molten lead, and the vapors that escaped have undoubt- 
edly cut down the per cent. of yield materially. 

Frequently recommendations are f ound advocating the Sep- 
aration of the products of fusion in the bot open f usion kettle, 
and the skimming off of one and leaving of the other. 

These products are Sodium Phenolate, Sodium Sulphite and 
excess Caustic. These under some circumstances will separate 
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as two different layers, and while theoretically their Separation 
is possible, it is readily seen that such a procedure is impractical 
and even dangerous. 

The most approved methods of procedure and now Coming 
into general use, are to f use in closed Autoclaves and discharge 
the f used contents by pneumatic pressure when the reaction is 
completed. This is f ollowed by dissolving the melt in a closed 
unit and thus conserve the vapors and obviate all the hand work. 

Here again the competent Engineer's Services are very 
necessary to avoid the frequent errors and usual methods of 
unsatisfactory fusion, and provide instead a thoroughly prae- 
tical and saf e means of producing the Sodium phenolate and its 
subseguent aqueous Solution. 

The Sodium Sulphite and excess Caustic readily eliminate 
themselves under the acidification or decomposition of the 
aqueous melt and so the safe and economical fusion is quite 
different from the ways that have been so frequently advocated 
and foUowed in the past. 

The last reaction of the process is the acidification of the 
dissolved melt and the decomposing of the Sodium Phenolate into 
Phenol and Sodium Sulphate. ^ 

2(CeH50Na)+H2SO, = 2(C,H«OH) + Na,SO, 

2(Na O H) + H^ S O, = Na^ S O, + 2(H, O) 

The reaction can be accomplished by the use of any mineral 
acid. Carbonic Acid is mentioned in much of the literature and 
advocated by various people, but there are numerous reasons f or 
not making use of it, and good reasons f or using Sulphuric Acid 
instead. In case it is used the reactions are as f oUows : 

2(CoH,ONa)+CO, + H,0 = 2(CeH,OH)+Na,CO, 

2(Na O H) + C O2 = Na, C O3 + H^ O 

The Engineer again is necessary in directing the proper pro- 
cedure, and his process must minimize the evolution of S Oz and 
prevent the loss of Phenol in the Sulphite and Sulphate Solutions 
that are discarded. His design of apparatus must effect the 
Separation of the Phenol with as little change of the Sulphite 
into Sulphate as possible and with a minimum amount of acid. 
Such change in the Sulphite is shown in the f ollowing reaction : 
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Na, S O3 + C O, = Na, C O, + S O, 

The saving of by-products is f requently attempted by maiiy 
and much effort is of ten made toward bcoiding the process to 
this end. 

There are no by-products, aside from Calcium Carbonatep 
that are worth while making any effort upon. This carbonate 
can be used to take the place of a portion of the Lime, but the 
others should all be discarded. They consist of Calcium Sulphate 
cake, and a mixture of Sodium Sulphite and Sulphate Solutions, 
and the recoverable portions would cost more in the recovery than 
they are readly worth. 

Such Calcium Carbonate as is used in the neutralizing of 
the Benzenesulphonic Acid, and excess Sulphuric acid, is repre- 
sented by the f oUowing f ormula : 

2(CeH,S08H) + CaCO, = (C.H.S03),Ca + CO, + H,0 

Ha S O4 + Ca C Oa = Ca S O, + C O2 + H, O 

There should be no departures then from the accepted 
methods that experience has taught, and a competent Chemical 
Engineer is necessary in putting these methods into workable 
condition f or you. 

The production of Synthetic Phenol then through the sul- 
Phonation method is thus very clearly defined. 

From a chemical standpoint the production of Phenol from 
Benzol is the Substitution of the hydroxyl (O H) for one of the 
Hydrogen atoms of the Benzol. 

Benzol is C« He* Sulphonation replaces one atom of H with 
the sulphonic group S 0» H. One such replacement produces a 
Mono-sulphonic acid. If two Hydrogen atoms are replaced the 
result is a Di-sulphonic acid. No Carbolic Acid will result from 
the Di-sulphonic Acid, as that is the starting point for Resorcinol 
by the same means, and so the sulphonation must be properly 
done. 

The procedure is then to replace the Sulphonic group 
(S O» H) by the Hydroxyl group (O H). 

This can be best done if the Benzene Sulphonic Acid is con* 
verted into a Sodium salt, and the Sodium Salt is easiest pro- 
duced by first producing the Calcium Salt. 
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GAST STEEL AUTOCLAVE, WITH AGITATOR, CLOSED TOP, SYPHON 

DISCHARGE, TO SET IN BRICK. 
180 gal. capacity, Stands 500 Ibs. working pressure, 32 inches diameter, 
56 inches deep, 2 inch walls, height 8 ft. 8 in., weight 6,500 Ibs., can be built 
for $800.00, Including pattem work. 

8 Sheets of detal drawings and names of manufacturers who have 
Bubmltted bids. Price, $100.00. 
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The O H then of the Caustic replaces the S Og H of the 
Sodium Benzene Sulphonate, and upon decomposing the Sodium 
Phenolate that results from the fusion, the Phenol is liberated. 

Its f ormula is C« H^ H and it is of a weak acid nature. 

The process is in reality a very simple chemical procedure. 
Each reaction is clean-cut and definite. There is very little oppor- 
tunity of "getting by" on anything. 

In suphonation, the disulphonate is easily avoidable; in the 
other reactions only one result can possibly happen. 

The process then rests largely on Engineering to make it 
a commercial and practica! success, and the opportunities are 
numerous f or the display of ingenuity to effect the mechanical 
processes in the best and most practical manner. 

The Chemistry is fixed and definite, the apparatus and pro- 
cedure open to a multiplicity of ways, and the success of the 
proposition in a financial way rests entirely with the En^^neer 
who designs and plans^ the plant. 



RAW MATERIALS. 

The raw materials f or the production of Sjmthetic Phenol 
are concentrated Sulphuric Acid, Benzol, Caustic Soda, Soda 
Ash, and Lime. A part of the Concentrated Acid may be replaced 
by weak Chamber Acid. 

In round figures you can estimate these materials as f ollows : 
4 tons of Sulphuric Acid 98^ 
IV^ tons of Caustic Soda 

1 ton of Sodium Carbonate (Soda Ash) 

2 tons of slacked Lime 

840 gals. of Benzol (2,500 Ibs.) 

A sufficient amount of Calcium Carbonate is produced in 
the process, as a by-product, to cut down the Lime required to 
about one-half the above amount. 

No other by-products are recovered, or are worth recover- 
ing. They consist of Calcium Sulphate cake^ (Gypsum) about 
8 tons, Sodium Sulfite and Sodium Sulfate mixed and in Solution 
about 3 tons, Carbonic Acid, and S Oj. 

The amount of Crystalline and pure Phenol from the above 
materials is a little over 1 ton. 

An 85% yield on the weight of Benzol used is readily obtain- 
able. Higher or lower yields depend upon the purity of the 
Benzol, and the methods employed in the various reactions and 



SYNTHETI€ CARBOLIC ACID FROM BENZOL 31 

mechanical Operations. 

Undue effort is not usually made for high yields, but rather 
to quantity of Output. > 



. BENZOh. 

Benzol is the fundamental necessity of not only Phenol and 
Picric Acid, but of Aniline Oil and the general color industry 
as well. 

Bef ore the war» our Benzol production in the United States 
was comparatively small, and millions of doUars worth of this 
product, and its allied coal-tar derivatives, went up in smoke and 
vapors, and were lost to the entire world. 

Probably no brauch of the new chemical Industries has 
responded so valiantly to the wants of the American people as 
have some of the large steel, coke and similar Industries within 
the past few months on Benzol. 

No more bee-hive coke ovens will ever be built. Retort 
ovens produce more and better coke, and save the vapors. 

Gas scrubbers now recover the Benzol and its related prod- 
acts f rom the gas, bef ore it leaves the producing plants. 

Single plants have sprung up in the past few months pro- 
ducing 2,000, 3,000, 6,000 and 7,000 gallons of Benzol per day, 
that produced none whatever bef ore the war. 

Benzol selling at 70 cents per gallon in November, could be 
produced at 6 cents per gallon under some of the modern methods, 
and was actually being made at those figures in some places. 

Benzol producers even today are figuring and planning on 
diverting this product to automobile use, in place of Gasoline, 
as soon as the war is over, and they will be well able to do so, 
and easily compete with it. 

At present the demand is great, but the supply will soon be 
enormous. No contracts should be made, but depend on the 
open market, and while the sale of Benzol now is largely in the 
hands of one prominent firm, they realize that American indus- 
tries must be properly taken care of , and they have tried to do 
this from the very start. While the profits in Benzol are large 
right now, these are bound soon to assume more reasonable 
figures. 

Under a proper understanding then of the Benzol Situation, 
no fear need be feit as to obtaining the necessary amount for 
use in making Phenol. 
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SULPHURIC ACm. 

The price of concentrated Sulphuric Acid has been quite 
high. A large amount of it is hexag exported, but American 
producers have now begun to realize that by taking care of 
home industries they are building up a f uture profitable busi- 
ness connection, whereas the war requirements are liable to 
leave them without business at any time. 

Numerous concentrating plants have recently been put in, 
and many new acid plants have been started. The raw materials 
for Sulphuric Acid are readily obtainable in any amount, and 
the investment for manufacturing it is not large. It is an 
enormous industry and one that must scatter itself to all parts 
of the country and not centralize at any one point, on account of 
transportation expenses. 

For these reasons, it is now possible to obtain the necessary 
acid and without any contracts whatever. A contract can be 
of little benefit to the buyer on an easier market and with 
falling prices. I am prepared to negotiate your acid supply 
if you cannot do so yourself , or will f umish you a list of all 
the acid manuf acturers in the United States with whom you 
can correspond direct. These numerous inquiries, however, 
that result in no business, do not tend to make the acid man 
very solicitous as to your wants, when he can seil all that he 
produces, abroad without discussion. So long as this condition 
remains, it might be well for the Engineer to do the negotiating 
for you. 

The price of acid will be the market price, which will vary 
f rom time to time and when it drops you can obtain the benefit. 
So long as others pay the same, you are being treated fair. 

All new enterprises will pay a higher price under a contract, 
than they will on the open market. Their only gain is certainty 
of scheduled shipments. 

The only ones benefited under acid contracts are established 
Chemical houses who have been customers of long standing, and 
with definite wants at all times. These people have been able 
to increase their contracts frequently under very favorable 
terms. 

No undue concem should be f elt now as to the Sulphuric 
Acid requirements for the manuf acture of Synthetic Phenol. 

Sulphuric Acid of any strength above 92% can be used, but 
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SHEET STEEL SEPARATION TANK. 

Stands 14 ft. high, 5% ft. in diameter, wlth agitator, gauge glasses, 
and steam coils, open or closed top, weight 4,000 Ibs., can be bullt £or 
1250.00. 

8 Sheets of detail drawings wlth names and blds of yarlous man«- 
facturers. Prlce, $100.00. 
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a much larger amount of it is necessary than to tise 98%. Oleum 
or Fuming Sulphuric Acid is not necessary in the stdphonation 
and is only used to strengthen weaker Sulphuric Acid before 
it is added to the Benzol. 



CAUSTIC SODA. 

Because of the apparent scarcity of Caustic Soda, in Novem- 
ber and December a letter was sent to every Caustic Soda dealer 
and manuf acturer in the United States, enquiring as to prices, 
and the outlook f or Caustic for such Phenol plants as might 
be interested in purchasing it in the early months to come. 

Assurance was given by the most of these people that aD 
home wants would be supplied. 

A very large export business is at present being done in 
Caustic Soda, but when the price is as high as it now is, it is a 
comparatively easy matter to start a Caustic plant anywhere 
and produce, at little outlay, a grade of Caustic that is salable 
and profitable as well. The raw materials are not high, and 
while the tendency of all these replies was toward holding the 
price as high as possible, the letters as a whole show^d a weak- 
ness in the high demands, and a f alling price is sure to f ollow in 
the early f uture. 

No contracts should be made on Caustic, but purchase in 
the open market and be free when the price really begins to 
decline. 



CHAMBER ACID. 

Chamber Acid, to use in place of concentrated in a portion 
of the process, is readily obtainable and at a low price. The 
ordinary agricultural acid is sufficiently good for the purpose» 
and the requirements are more than covered in the total esti« 
mate for the concentrated. 
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SODIUM CARBONATE AND LIME. 

These materials are not difficult to obtain at any time» and 
whjle Soda Ash is now a little high, the amount required is not 
very large. 

Lüne is obtainable anywhere at any time and the price is 
low. 



BUILDINGS. 

Buildings suitable for a Phenol plant can be of most any 
type or kind of construction. 

Probably no two plants will ever be constructed alike. 

The process can be installed as a two-level process (2 
stories), or as a one-level process. The most desirable arrange- 
ment is to start the process at one end of a building and finish 
at the other end of the same, or a separate building, that is 
built in line with the first and located say 20 ft. from it (end 
to end), 

40 to 46 ft. Wide lends itself best to the general arrange- 
ment. 

If the plant is a 1 to 5-ton plant, 145 to 160 ft. in length 
by the above width is the requirement of the larger building, 
and 60 to 80 ft. long by the same width is the size of the 
smaller building. The two are connected end to end by a covered 
platform 20 ft. long and a continuous line shaft runs through 
both of them. 

This sized plant would be two stories, the lower floor 11 ft. 
high and the upper floor 14 ft. high in the clear. 

A gable roof 7 ft. pitch is best and an open monitor or 
louver for Ventilation throughout the length of both buildings 
at the top is necessary, for disposal of the steam. and vapors. 

The floors should be wood and 3V^ to 4 ft. above the ground. 

A Boiler house should be built outside of these two strue« 
tures, and the Engine is located in the larger building. 

The above plant would be equipped with sufficient apparatus 
to produce 1 ton of Phenol in 10 hours and space left at each 
Unit to allow of the necessary additional units being later installed 
to double the plant's capacity at any time. 
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By running the plant two shif ts in 24 hours, the capacity 
would again be doubled, and as every unit pennits of 25% addi- 
tional capacity as maximum, it allows then of a f urther increase 
and thus a 1-ton plant can be converted into a 5-ton plant when- 
ever it is wanted, and at very little additional expense. 

A 500-lb. plant requires a one-story building 120 ft. by 40 
£t. with an attached boiler room 30x82 f t. 

The floor sets 3V^ to 4 ft. off the ground in the factory 
proper, and the boiler room has brick floor right on the ground. 

The height in the clear is 15 ft. in the factory. Gable roof, 
louvers and plenty of Windows äre required, the same as in the 
larger plant. 

These various sized plants can be constructed of wooden 
frame work covered with galvanized and corrugated iron, or 
wood throughout, or of brick with steel interior frame work, 
or in any of the prevalent f orms of construction. 

The smaller plant is best made of concrete block and gal- 
vanized iron roof. 

Of course, any building with high enough ceilings can be 
utilized, but as the plant is comparatively large, it is usually 
best to construct the buildings especially for the work, as the 
interior can then be adapted more readily to the processes. 

Old buildings usually do not have high enough ceilings and 
do not permit of heavy tanks being placed as they properly 
should be. 



POWER. 

A one-ton Synthetic Phenol plant (producing 1 ton of Phenol 
every 24 hours) will require a 60x16 or 66x16 boiler (80-100 
H. P.). The latter will permit of operating easily on 80 Ibs. of 
steam. 

A 50 to 60 H. P. ordinary slide valve Engine will drive aQ 
the agitators, mills, compressors and their necessary shafting. 

The steam power is required to operate the engine, pumps, 
steam heating coils in the tanks, heat the jackets of kettles, 
supply hot water, dissolve some of the products and for general 
heating purposes. 

The engine must drive the main shaft, the counter shafts, 
the numerous agitators, the grinding mills, the air compressor, 
elevator, pumps and other usual shop equipment. 
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GAST IRON, OIL JACKETBD, CARBOLIC ACID STILL. 

150 gal. capacity, weight 7,000 Ibs., height 8 ft. 8 in.» diameter at flange 
62 Inches, can be bullt for $475.00 Includlng pattem work. 

8 Sheets of detail drawings for above still and names o£ manufacturers 
who have submitted bids. Prlce, $100.00. 

Also drawings of same Still, 90 gal. capaclty, and of either size with- 
out Jacket to set in brick for direct fire. 

Details of extension heads of any height for either of these Stills are 
Included. 
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MOTORS. 

No electric motors are recommended in the Phenol plant and 
as litüe use of electricity as possible. 



THE APPARATUS. 

Very little stock apparatus can be used. 

The fillinfir charsres are quite large f or each unit, and heat- 
mg and agitation usually necessary at every step. 

This means specially designed units for practically every- 
thing. 

No stoneware, glass or pottery of any kind is required. 

Only one tank really requires a lead lining, the balance may 
be wood and can be obtained most anywhere. 

No special metal is necessarily needed, either for the acids 
or the resultant products, though use can be made of such if it 
is wanted. 

After neutralization, the product is harmless and has no 
effect on metal or the skin until f usion. 

None of the Operations beside sulphonating require a lengthy 
period of time, 

With the opportunity, then, for unlimited conception of 
means and methods for handling the various processes, the 
designing of the apparatus becomes a very complex question. 

A plant may be operated by high-pressure steam, or by low- 
pressure steam, according to which is readiest obtainable. 

At a Benzol plant there is plenty of hot oil that can produce 
nearly all the heat that may be required. 

At some other large manufacturing point exhaust steam 
might handle nearly everything. 

Evaporation may be carried on in open tanks, in multiple 
effect evaporators, or in ordinary tubulär boiler installations, 
where the steam of evaporation is utilized in operating the bal* 
ance of the plant, the same as f rom the use of clear water. 

Drying of the crystalline products can be done in pans over 
fire, by steam jacket, or by hot oil heat. The pans are tended 
by band, or circular evaporating pans can be used that do their 
own stirring and discharging without any band labor whatever. 
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Fusion can be carried on in open kettles or in closed auto- 
claves. 

The f used mass or melt can be ladled by band, or handled 
by pneumatic pressure in closed tanks and pipe lines. 

The fluids can be conveyed by pumps or by air pressure. 

The cake from the Filter Presses can be handled auto- 
matically, with no band work whatever, or be handled in the 
usual way by dumping and carting. 

Agitators run fast and run slow, each stage of the process 
requiring a different type. 

S3rphon discharge to kettles and autoclaves can replace the 
older and more familiär ways. 

Distillation is effected by fire, by steam or by hot oll. 

Manipulation of all the fluids can be in the open, or in air- 
ti^ht pipes and receptacles. 

Thermometers and pressure gauges can be of the old type, 
or of the modern recording, indicating and alarm kind. 

Every minute of the Operation can be shown on a record, 
giving time, pressure and temperature, that can be preserved* 

Automatic devices can register each mechanical step of the 
entire plant and all these devices to govem or keep check upon 
the work, can indicate, both at the unit f or the Operator, and also 
at a distance f or the Director. 

With all these variations and possibilities then, there is no 
such thing as a stereotyped plan f or a Phenol plant. 

The Engineer's f unction is to present all these various ways» 
explain and illustrate each in füll, show the utility and cost of 
each and then leave the Client to intelligently select the prin- 
cipal features that appeal to him the most. 

After this decision, plans f or the arrangement of the plant 
and construction of the several units must be made, and so each 
plant becomes entirely different from any other that has pre- 
ceded it, except for the smaller parts. 

Each piece of apparatus is designed to be built in any 
Foundry, Machine Shop or Boiler Making Plant anywhere. 

All the cast-iron kettles are sweep work and require no 
large pattems. 

As most of the items are quite large, it means that the 
machined surf aces require large lathes, or boring mills, to handle 
them. 

The sheet steel tanks are readily made in any locality and 
well detailed shop drawings are provided for eversrthing. 

Pumps, pipe and fittings are the usual stock that is on sale 
in every suppiy depot in the country. 
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Wooden tanks are usually S'' cypress and obtainable xnost 
anywhere. 

The legs on every item are adjustable, so that the unit can 
be accurately plumbed, or tilted toward the outlets, as may be 
required. 

Condensers are of every Idnd and type that can be 
thought of • 

Grude Ofls are used f or buming in open fires. High flash 
oils are used in heating some portions by circulation and cheaper 
low flash oils for heating in other places by the same means. 



THE CHEMIST. 

A competent Chemist should at all times be in Charge of 
the Chemical portion of the work. Upon him rests the f uU 
responsibility of yield and profitable production. 

Any technical graduate is sufficiently prepared to handle 
the work understandingly, and a younger man will be more 
desirable than some of the older ones, as there is a lot of real 
work to do that requires energy and ambition. There is little 
«se in a Phenol plant for the old deliberative Student or would- 
be scientist. 



THE SUPERINTENDENT. 

He should be of the usual type that is f ound in any of the 
•ther manufacturing enterprises. Youngish, strong, a student 
of human nature, who can handle help and knows how to do 
things, and who will always keep the plant moving. One that 
is ever ready to anticipate the troubles and difficulties of appa- 
ratus and Operation, and with a remedy thought out bef ore it is 
ever really needed. 

"Rough-necks'* will constitute a good part of the labor and it 
needs a real man to handle them, see that they are doing their 
duty, and at the same time protect them from the risks and 
dangers that the inexperienced are always subjected to. The 
welfare of the help is as necessary in a Phenol plant as is the 
correct Operation of the best piece of mechanism that the plant 
holds, and it is the Superintendent who must provide all this. 

Of course, the Superintendent and the Chemist must pull 
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TWIN CHAMBER, SHEET STEEL, CARBOLIC ACID STILL 

CONDENSERS. 

Diameter of inside tank 18 inches, outside tank 24 inches, capacity 39 
sal. each. Made of sheet steel, can be built for 170.00 per pair of double 
tanks (4 tanks). 

2 Sheets of detail drawings for aboTe pair of condensers and names of 
manufacturers who have submitted bids. Price, $20.00. 

Also drawings of Jacketed Coli, or piain coli condenser for same 
porpose. 
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together, f or each is dependent on the other. One man can not 
efficiently fill the place of both. 



NUMBER OF SYNTHETIC PHENOL PLANTS IN THE 

UNITED STATES. 

There are probably over a dozen Synthetic Phenol plants 
either in Operation or in course of construction today in the 
United States. 

The most of these are intended f or Picric Acid, and so the 
field is practically dear f or general technical purposes. 

Many plants that have been reported as preparing for 
Phenol have ended at merely the report and some f ew that have 
attempted it have f ailed entirely to produce. 

The largest producer so f ar uses the most of their Phend 
in their own business. One Chemical Company who produces 
the best grade made today, use the larger part of their product 
in Pharmaceutical preparations. 

Several plants at this writing are incomplete and will not be 
in Position to produce f or several weeks to come. 

There is room for 25 one-ton Phenol plants in the country 
today, and plenty of raw materials obtainable to run them aD. 



COST OF A PHENOL PLANT. 

A Synthetic Phenol plant is not a very expensive manof ae- 
turing project, 

The apparatus and its Installation for a plant producing 
600 Ibs. of Phenol per day can be brought down to as low a cost 
as $10,000. 

The plant's capacity can be doubled for 25^ additional cost 
This smsdl plant would expect to purchase its rectified Benzol 
rather than to rectif y it. 

A one-ton plant including a Benzol Rectüier would cost for 
the apparatus and its Installation from $18,000 to $20,000 when 
put in on an economical basis, but $40,000 could be spent in mak- 
Ing this a five-ton plant to include all the improvements and 
devices that are now known. 

Additional to the apparatus and Installation work, would be 
the buildings, power and the Engineer's Services, on either of the 
above installations. 
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DANGERS IN MANUPACTÜRING. 

Under modern methods, and with suitable apparatus» there 
are no dangers connected with the manufacture of Synthetic 
Phenol, beyond the usual risks of any f actory work. 

If men put their fingers into running gears they will get 
hurty or if they let hot water or steam run onto themselves they 
will get scalded, but outside of the ''fool accidents'' of thia 
kind, there need be none» if the plant is arranged properly from 
the Start. 

The only risks that could cause accidents, incident to this 
particular industry, are escaping Benzol vapors that might 
explode if they came in contact with flame, Sulphuric Acid bums 
in carelessly handling acid, Caustic Soda bums from obsolete 
methods of Caustic manipulation, and Carbolic Acid bums from 
reckless handling of the final product. 

No gaseous products harmful to any one are given off 
at any stage of the process under the generälly accepted methods, 
and no f umes of any kind are going to disturb the neighborhood. 

To obviate the possible Benzol vapors, the rectification is 
done in an outside building with no communication to the main 
part. 

The Sulphonation white done inside, discharges into tanks 
outdoors in the open air first, to permit all vapors to escape, and 
when it is then conducted inside to the neutralizing tanks, there 
can be no dangers from explosion. 

Carbonic Acid gas and air pressure move all the fluids, 
acids, etc., in closed pipes, and so no undue dangers of Sulphuric 
Acid bums are present. 

Caustic Soda f usion is conducted in sealed Autoclaves, dis- 
charged by pneumatic pressure, and all the subsequent Operations 
are conducted in air-tight tanks, apparatus and pipe lines, and 
handled automatically without any band labor whatever, thus 
eliminating all risks of every kind, and the purified and refined 
Phenol is finally drawn off from the storage tanks into the final 
shipping packages without having been subjected to exposure at 
any time. 

No experimental work is necessary and so no untried ehern« 
ical methods are expected, that may create difiiculties of an 
unknown kind. 
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BETA N APHTHOL. 

A Sjmthetic Phenol plant is likewise suitable f or the mann- 
facture of Beta NaphthoL 

If Autoclave f usion is already installed the only change is 
to Autoclave-sulphonation, in place of the Kettle and Reflux Con- 
denser type used with Benzol. 

Beta Naphthol is made from Naphthalene by sulphonation» 
and then f using the Sodium Salt with Caustic Soda. 

The price, costs and profits compare f avorably with the 
manuf acture of Phenol. 

Installations f or Beta Naphthol wiU be made at the same 
charges as f or Phenol. 



MY ENTRY INTO SYNTHETIC PHENOL. 

Late in 1914 I had finished a four-volume work on China 
Wood Oil. A compilation that was largely obtained from the 
leading foreign Chemical and Technical Journals, Patents and 
other publications. 

Having already had considerable practical experience in 
the technical uses of Phenol, in Synthetic Resins and in Phenol- 
Casein-Thermoplastics, the war Situation seemed propitious for 
taking up some one or two of the Coal Tar by-products and 
specializing on these until they were developed to their füll 
limit. My researches already covering about eighteen months 
in the Chemical and Technical literature, served to quickly put 
me in touch with all the Information that there was on Syn- 
thetic Phenol. 

The extensive data on Casein-Phenol and Phenol-Aldehydes 
that I had gathered during some ten months' association with 
that particular work also proved of material benefit, and in the 
early part of 1915 I entered into the first contract to install a 
Synthetic Phenol plant, to be erected near New York City. 

This was one of the first projects of the kind to be started in 
the United States outside of the one previously mentioned. A 
plant in Syracuse and one at Rahway, N. J., were started shortly 
af ter, or about this time, by their owners. 

Since this date my entire time has been given to designing 
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GROUND PLAN AND SIDS ELEVATION, FOR TWO TON PHENOL. 
PLANT, WITH BENZOL RECTIFIER AND SEPARATE 

BOILER ROOM. 

Buildings 248 ft long (over all), 40 ft. wide and 25 H ft. high on sides. 
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apparatus and working out the most approved methods of its 
installation, f or the production of Synthetic PhenoL 

With the assistance of a corps of competent EngineeTs» 
Draftsmen and Chemists I have originated and designed con- 
siderable apparatus that is entirely new to this art. The German 
and English manufacturers make use of none of the modern 
devices and appliances that have ahready been put into ose in 
this country. 

Entirely new principles of Operation, of heating» handling, 
labor saving, conserving gases and wastes» eliminating of dan- 
gers and risks, and increasing yield have been introduced* 

A year's diligent study with proper assistants, and with 
opportunities f or trying any ideas that might have merit, and 
with people willing to pay the price if the idea worked, all these 
have produced results, and these results are, that a complete 
Phenol plant can now be designed and installed» that will be 
superior in its Operation to any plant that exists today in Europe, 
and that will cost much less than if built under any other 
Engineering plan, than the one that I am f ollowing. 



MY METHOD AND PLAN OF ACTIN6 AS YOUR CHEIHCAL 

EN6INEER. 

To begin with I have nothing to seil you but my Services. 
No merchandise of any kind, and I have no connections with 
any other Engineering Company, Foundry, Machine Shop» 
Boiler or Tank Works. 

There are no commissions Coming to me f rom any source 
when I serve you, and hence you are able to buy your apparatus 
and materials without these costly complications. 

There is no piece of apparatus or device made by anyone in 
the United States for this work, but what I will design one 
f or you as good if not better, and probably to cost you half the 
price of the other, hence by making use of me as your Engineer, 
you are able to get what you want, have it made in any part of 
the country you please, and get competitive bids on it that really 
are competitive, and so be able to purchase at a low price. 

My entire Charge will be more than saved on the cost of 
your apparatus alone. 

I already have over |2,000 worth of stock drawings on 
Phenol apparatus alone. I have plant layouts, building plana, 
foundation plans, pipe arrangements, power installations and 
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similar drawings for plants arranged in many different ways 
running f rom l^ ton per day capacity to 5 tons per day capacity» 
and costing tor the apparatus alone, f rom $8,000 to $40,000 each. 

In the apparatus, I have designs for every conceivable kind 
of apparatus that can be thought of for each stage of the work 
and f rom which you can make your choice. 

The vaiiations are due to diiference in cost, difference in 
sheet metal over cast metal, difference in open and closed pat- 
tems, heating by direct Are, direct steam, hot oil circulation, 
hot oil bath, indirect steam, etc., movement of the fluids by 
centrifugal pumps, rotary pumps, belt pumps, Single steam 
pumps, duplex steam pumps and blow cases. 

Apparatus is discharged by outlets in bottom, by syphon 
discharge, air pressure and Carbonic Acid gas pressure. 

Tanks are steel or wood and lead lined or not as wanted. 

Stills are heated for Operation in various ways, and con- 
densers are spiral coils, jacketed tubes, or Chamber condensers 
and are built of wrought iron, cast iron, sheet steel, cast or 
sheet nickel, are glass enameled, or galvanized, or put up in 
various other ways. 

Filtering Operations are conducted by filter-presses, nuges, 
or by settling as the case may be. 

Disposal of cake is by carts, trams, conveyors or by auto- 
matic methods. 

The rectification of Benzol is effected in the most approved 
manner by f ractional distillatibn. 

Other numerous variations in the apparatus are provided 
for, to meet the limitations of expense 4;hat may be desired, or 
to meet the most complete requirements that can be devised 
regardless of expense, or to obviate all wastes or dangers, or to 
be the easiest and simplest methods that will really do the work. 

All these various ways and plans have been required during 
the past year, to meet the requirements of the different Clients 
and inquiries, and new and modified f orms of apparatus are con-^ 
tinually being devised in anticipation of some future require- 
ment. 

From this you can see that there is no such thing as a 
stereotyped form or plan for a Phenol plant, any more than 
there is for the building of a home. 

The plans will all depend on the amount of money that is 
intended to be spent on the plant, and the other numerous f ac^ 
tors that will govem the methods that are to be employed. 

The Engineering work then consists in submitting to you 
a large line of detailed apparatus to select from, and then design- 
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ing such new as may be required, or changing over such stock 
designs as will fit the occasion. Also in arranging the units f or 
you in a progressive and proper correlation, in laying all this 
work out f or you quickly and completely, and in providing the 
necessary shop drawings worked out in the minutest detail, so 
that you can ask any Foundry, Machine Shop, or Boiler Maker to 
name you a price on it. 

I am also at your Service to assist you all that you may 
wish in the buying of the units, but as every man believes he is 
capable of doing his own buying and generally he is, then I try 
to prepare you to do it in the best manner possible, rather thäa 
to insist on doing it f or you myself . 

I can direct you to numerous concems who are fitted to do 
the work. Frequently I already have their figures. This doea 
not mean you are in any way obligated to deal with them if you 
can do better elsewhere, their prices, however, may be indi- 
cative and thus be of help to you. 

I fumish you all the Chemistry, both practical and the 
theory, hundreds of sheets of typewriting as we go along and 
post you on every step. 

I teach your employees all the necessary steps and super- 
vise the work from start to finish. 

I direct you to the various sources of raw materials, and if 
necessary to the proper people where you can dispose of your 
product. 

You will receive in all over $2,500 worth of drawings and 
drafting work and all this can be done in a very f ew weeks 
time. 

While I shall not be able to be in personal attendance on 
the work all the time that your plant is going up, I expect to 
be there as often as necessary and stay as long as may be 
required, but as I have other plants that also require my Ser- 
vices at the same time, you would be obliged to have someone in 
Charge of the actual erection work, and I would keep them sup- 
plied with minute instructions ahead of time all the while, and 
the drawings would be ready as fast as they were needed. 

I would start up the plant f or you and not leave it until a 
competent man had been properly broken in and was capable of 
running it. 

The Chemistry of Synthetic Phenol is quite intricate, but 
all this is made very clear, and every side reaction is carried 
out, and the theory worked out at every stage of the process 
for comparison with the actual results. 

With the assistance then that I can give you, it places you 



*•*• TT 




: an 



TT 



ll 

□ □ 



□ iia 



II 
II 

-M 



□ II 



□ 
□ 



Ua 



□ 
□ 



□ 
□ 



□ ! □ 



□ 
□ 



□ 
□ 



□ □ 

□ i a 



— — IT' 

□ ij □ 

- ^^^ ll •— — 
i! 



□ 
□ 
□ 



□ 
□ 
□ 



□ 
□ 
□ 



□ 
□ 
□ 
□ 



BOTH FLOOR PLANS AND SIDE BLEVATION, FOR TWO TON PHENOL 

PLANT WITHOUT BENZOL RECTIFIER. 

Buildings 246 ft. long (over all), 40 tt wlde and 29^ ft high on sides. 
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in a f ew days time in a position in which you are as well posted 
on the whole subject, both chemical and mechanical» as anyone 
can be af ter a year's steady application at the work. 

It gives you all this Information in time and upon which 
you are able to intelligently make your purchases of equipment» 
and it gives you a feeling of real confidence in the project that 
you cannot have where you pay a lump sum f or the apparatus» 
the process and its setting up» and know very little about it aD 
until you are called upon to pay the bill and take it over. 

This is the real f unction of a Chemical Engineer and not 
that of mixing an apparatus manuf acturing commercial propo- 
sition up with professional work. In speciidizing on one or two 
subjects thusy the Engineering work should then have some real 
merit. 



CHAR6ES AND TERMS. 

The charges f or the writer's Services as Chemical Engineer 
are based on the capacity of the Phenol plant. 

All the inf ormation that is required on every part of the 
work will be f umished you. 

You will be directed to the sources of supply for the raw 
materials and help given you in locating suitable manuf acturers 
to build your apparatus. 

Building plans and suggestions will be submitted to you on 
all the construction work. 

All the Units and their arrangement will be properly designed 
beforehand. 

Instruction will be given your employees in the various 
Steps of the process, and you will receive such advice as you 
may need in preparing and marketing the product. 

For this entire Service the Charge is $2,500 per ton daily 
capacity of the plant and that amount as a minimum Charge. 

This money is paid as foUows: 

$500 Cash upon delivery to you of the details of process and 
manuf acture, and a collection of over 100 general drawings that 
will serve to illustrate the apparatus and its proper Operation. 
This set of drawings will represent over $2,000 alone. 

The drawings (each 26x36 inches), and typewriting, are 
handsomely bound in book form, gold lettered and suitable for 
preservation. 

A contract is also entered into, embodying all essential 
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oint;» stxxd coverins: a period of two years. 

Ox>X>ortunity is then given the Client to thoroughly f amiliar- 
ze liixTLself on every point, and explanations are given of any 
obsciure portions. 

11; is supposed that during this time the Client will produce 

some X^lxenol himself in the Laboratory according to the instruo- 

t.ions äiid without any assistance whatever from the Engineer, 

and tlius settle definitely as to whether the process is correct 

OTT not;. This will then leave no occasion f or asking f or guaran- 

teesy bonds, or ref erences to other Phenol plants that the Engi« 

Tveer may at the same time be also associated with. 

If the process then is as it has been represented, and you 

\i'ave submitted the drawings to competent mechanical advisors 

\7lio approve of them, and you are still disposed to continue the 

project) then the Engineer is to receive a drawing account of 

from $50 to $75 per week, according to distance, which shall 

eontinue until the plant is in Operation and has been capable of 

producing f or 80 days ; then the balance of the $2,500 (less all 

araounts so far paid) is to be paid. 

If after such study of the project as outlined above, you 
sliould for any reason whatever decide the project not advisable, 
you are at liberty to withdraw without further pa3rments or 
obligations if you wish to do so, except the Obligation, that if 
at any time during the ensuing two years you should take the 
project up again, that it reinstates the contract just where it 
was lef t off, whether the completion of the work is done by the 
writer or by someone eise. 

In this event it has cost you merely the $500 to become 
thoroughly posted on the whole subject, but as there has virtu- 
ally been delivered over to you all the Information on receipt of 
the $500, it is considered that the balance of $2,000 is still due» 
if you eventually go into the business, whether with the same 
or with a diff erent Engineer. 

If the project, however, is carried out, the writer is at your 
Service during the entire two years for consultation and advice 
without further Charge, and is to supply you all Engineering 
details for plant enlargement whenever they are wanted, and 
likewise to receive a pro-rata fee on any increased capacity 
whenever it is actually attained. 

As the writer is putting in work of this kind all the time, 
you have the opportunity of thus leaming all the newer methods 
as they are applied and can keep abreast of everything that may 
thus be of value. 

It would be impossible to do the work at the above price 
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except that now an immense stock of drawings have accumulated 
to draw f rom, and thus it is possible to work very rapidly. 

The amount of the fee will be easily saved in the purchase 
of your apparatus alone/ and you could not possibly install the 
plant yourself f or the same figures that it can be supervised f or 
you, besides the work can thus be done in about one-third the 
time that you would take in the usual way. 

About 60 days is required to install a one-ton plant after 
the buildings and power are ready f or it. 



CONSULTING WORK ON SYNTHETIC PHENOL. 

While it is the intention of the writer as Engineer to devote 
the most of his time during the present high price of Chemicals to 
the designing and Installation of new Synthetic Phenol and Beta 
Naphthol plants, yet where opportunity is offered of consulta» 
tion and remodeling of present plants, he will be glad to co-operate 
with the owners to the changing of the older methods over into 
the more modern ways, and charges will be made with due 
regard to the individual case. 

On new work it is advisable to tum oyer the entire super-- 
Vision and obtain the whole of the data f rom the same source. 

The results then will depend on the Engineer alone, and in 
that event he is perf ectly willing to assume the whole responsi- 
bility. 

No commissions can be given to other Engineers, or any 
division of the regulär fee, and the price is the same to every- 
body. 

The writer has probably done as much work in the past 
year on this one subject as all the other engineering firms col« 
lectively, who are only now and then taking it up along with 
their other numerous chemical installations. 

Frequently apparatus designed expecially for Phenol work 
is also suitable for other chemical processes, such as a proper 
sulphonation kettle also being suitable for a nitrating kettle, car- 
bolic stills suitable also for many other purposes, caustic soda 
autoclaves also adaptable to other autoclave use, and so prices 
have been placed on some of the drawings shown in this Pam- 
phlet in case they are desired separately. 

The prices named include complete details for every part, 
füll information relative to the Operation, names of various 
makers who are fitted to build the work, with their prices on 
both the apparatus and the necessary pattems. 
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Xf you are putting in some chemical process, you will find 
tli£tt SL ATstst; amount of time is generally lost when you start out 
to pixrclistse the larger apparatus units. 

Oxily f oundries familiär with sweep or loam work are able 
to piropex*ly produce large cast iron pots or kettles, and large 
latlies ox* boring mills are required for machining the larger 



TJnless you are able to use the stock apparatus f rom the few 




CROSS SBCTION OP BUILDING, SUGGESTINQ FRAME CONSTRUCTION 
TO BB COVERED WITH CORRÜGATED GALVANIZED IRON. 

While it is not the Intention of the Engineer to become the Architect 
tor the bullding work. yet a dozen or more suggestive lateral and trans- 
verse sections, as well as other building plans are supplied, to assist In 
quickly disposing of this work. 
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apparatus building companies, you must f umish your own draw- 
ings or pay some one the cost f or having them made. 

Then locating the proper builder who has the necessary 
facilities and who can quote you a reasonable price» is a task 
requiring much time and patience, and in the end perhaps you 
do not receive aU that you might have been able to get f or the 
money, if you had known better just where to look and what 
was reaÜy wanted* 

In f umishing drawings of any of the apparatus shown here, 
fhe price includes not only the drawings, but the names of many J 

firms who have ahready submitted bids on the work, as well as i 

their various prices, time of delivery, and everything ready f or 1 

you to merdy place your order. 

Thus the cost of the drawings are more than saved you by 
your being able to select f rom competitive prices, and in having 
estimates that were based on dear details, and devoid of any 
f urther draf ting-room expense. 

The manuf acturer is saved all this work, he consequently 
quotes a lower price, and the cost of the work, plus the cost of 
these drawings, is still much below any figure that you can 
obtain anywhere yourself , and the work throughout will be 
based on experience and a thorough knowledge of the require- 
ments. i 

All of the apparatus shown in this pamphlet has been spec- I 

ially designed by the writer, either f or Phenol use or f or other 

diemical processes. No attempts have been made to follow or 

imitate other Engineers' or Manuf acturers' designs. 

Every Machine Shop, Foundry or Tank maker who has facili- 
ties f or making any of the apparatus shown, is requested to com- 

municate with the writer, if they care to submit estimates on 

any part of this work« 

Blue prints will then be sent f or price, and your figures will 
be submitted to any clients who contemplate putting in any of 
these Units. 

Frequently your locality may be near that of the prospective 
dient and a material freight saving can thus be made as well as 
an earlier delivery. 

Well equipped machine shops at a considerable distance f rom 
New York City are especially invited to submit prices on the 
larger pieces, because most of the plants doing this work within 
50 miles of New York City, are crowded with business and fre- 
quently unable to handle any more of it f or months to come. 

The Engineer. 
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CAST IRON TWIN BLOW-CASBS OH BOQS (MONTBJÜS). 

C&pacfty lOG gal. eacli, 24 In. diameter, 64 Inches deep, E openlngB In 
eover, welght 1,500 Iba. each. Can be built In caet tron for $90.00, or In 
% Id. Sheet steel welded (welghlng lEO Ibe.) for |43.00 eacb. 

3 Sheets ol detail drawlnss of blow-caae and plpe connections, wltb 
uunea and prlcea ot varlouB makers vho have submitted blds. Prlce, fSO.OO. 
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ONE TON SYNTHETIC PHENOL PLANT, EITHER ONE OB 
TWO LEVEL PROCESS, FOR ONE TON IN ONE 

SHIFT OF TEN HOURS. 

The following items would constitute the necessary appa- 
ratus f or a very complete and up-to-date Installation, including 
a liberal capacity at every step and of the most approved type 
throughout : 

t 1 Benzol rectifler» ZO" cast Iron colomn, 28 Chambers, and 1,800 gaL 
Sheet Steel still, wlth a capacity of 50 gal. per hour. Total height 
43 ft., total weight 13 tons. Used for fractionating the benzoL 

^t 1 Outslde benzol storage tank, to bury under ground, sheet steel and 
about 1,000 gal., empties by carbonlc acid pressure. 

*t 1 Concentrated sulphuric acid storage tank outslde, to set In concreto 
cradle, sheet steel and about 1,000 gal., empties by gravity discharga 

*t 1 Chamber acid storage tank outslde, to set in concreto cradle, sheet 
steel and about 1,000 gal., empties by gravity discharge. 

* 1 Milk of lime tank, ^^ sheet steel, wlth agitator, closed top, 4 ft 
diam. z 4^ ft. deep, 420 gal., air pressure discharge. 

2 Sheet steel measurlng tanks or eggs, with gauge glasses, closed tops, 

32"^ diam. x 36" deep, 125 gal. each, sjrphon discharge. 
1 Sheet steel hot oil blow-case, welded, %" Shell, 5/16" cover, 105 gaL 

syphon discharge, weight 150 Ibs. 
4 Cast iron sulphoüatlng kettles with agitators and double jackets, each 

320 gal. capacity, weight of each 8,500 Ibs. 
4 Reflux condenser sheet steel tanks, each with 72 ft. of 2" condensing 

pipe coli; Tanks 2 ft. diam. x 5 ft. deep. 
4 Soft seat safety yalves for vapor, low pressure. 

1 Lead lined, 300 gal. wood tank for the sulphonate. 
4 Neutralizing tanks, 3" cypress, 8 ft. diam. x 4^ ft. deep, weight oC 

each 2,400 Ibs. 
4 Agitators for same, with T. & L. puUeys, gears, pillow blocks, etc. 

3 Wash filter presses, 36 Chambers, 30"xl%" plates, safety valve and 
trough, weight of each 11,600 Ibs. 

i 3 Dummy plates for filter presses, weight each 325 Ibs. 
3 Sets filter cloths. 

3 Pair twin blow-cases for filter presses, ^" sheet steel, welded, 6/16" 

coyer, 105 gal. each, syphon discharge, weight of the six 900 Ibs. 

4 Duplex steam pumps 4^"x2%"x4" for filter presses. 

tt 3 Wash-water tanks, 3" cypress, 8 ft. diam. x 7 ft. deep, weight of each 
3,400 Ibs. 

2 Soda tanks, 3" cypress, 8 ft. diam. x 7 ft deep, weight of each 3,400 

Ibs. 
2 Agitators for same, with T. & L. puUeys, gears, pillow blocks, etc. 
4 Concentrating tanks, 3" cjrpress, 8 ft. diam. x 4 ft. deep, weight of each 

2,000 Ibs. 
2 Round cast iron crystallizing paus with steam Jackets and stirring 

deyice, T. & L. puUeys, gears, adjustments and seif discharging, 

weight of each 12,000 Ibs. 
1 No. 4 steel burr mill for grlnding sodium salt crystals, weight 320 Ibs. 
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* 2 Gast Steel autoclayes for fasing, to set in brlck, closed top, agitator, 
seif discharging, 32" inslde diam. by 66" deep, 2" walls, weight of 
each 6,000 Ibs. 

2 Cauldron plates for autoclayes. 

2 Hrick settlngs for autoclayes. 

t 1 IMssolying tank with agitator, sheet steel and cast Iron, 4 ft diam. z 
8 ft. deep, closed top, Jacketed bottom. 

*t 2 Slieet Steel, conical bottom Separation tanks, 6^ ft. diam. by 12 ft 
deep, with agitator, closed top, gauge glasses, air, acid and steam 
coils, weight of each 4,000 Ibs. 

t 4 sets of 1V&" gauge glasses each 3 ft long, for Separation tank. 

* 2 Agitators for Separation tank, with T. & L. pulleys, gears, pillow 
blocks, etc. 

t 2 Sheet steel blow-cases for liquid carbolic, %" Shell, 6/16" coyer, 106 
gal. each, sjrphon discharge, weight of each 160 Ibs. 

1 Square, lead lined, Chamber acid mixing tank, 4^ ft. x 4^ ft. x 
4^ ft., 680 gal. 

1 Cast iron blow-case for Chamber acid, 106 gal., 2 ft. diam. inside by 
4V^ ft. deep, weight 1,600 Ibs. 

t* 1 Washer for carbolic, sheet steel, closed top, agitator, 318 gal., 3 ft 
diam. x 6 ft. deep, air pressure discharge. 

't 2 Separation cylinders 3/16" sheet steel, closed top, resenroir and 
gauge-glass below, 246 gal., 20" diam. x 16 ft long. 

3 160 gal. cast iron, oil jacketed, carbolic stills, with head and goose- 
neck, weight of each 6,000 Ibs. 

3 Twin tank condensers for carbolic stills, each tank jacketed, 12 sheet 

steel tanks in all. 
1 Oil heater for stills, either cast pot or sheet steel tank. 
1 Brick setting for oil heater. 
1 Duplex steam pump for oil. 

3 Oil burners. 
1 Gaustic Solution, yapor recoyery tank, sheet steel, 760 gal., 4 ft. diam. 

X 8 ft. deep, closed top. 
1 Air compressor and tanks. 

1 24" Square steam plate. 
14 Pipe-leg tank benches. 

2 Metal tanks for crystalline carbolic distillate. 
tt 3 Metal tanks for watery carbolic distillate. 

1 Enameled, crystal carbolic storage tank. 

2 Platform scales for welghing stock. 
1 Metal tank and agitator, for disposing of calcium sulphate cake, closed 

top if fluid disposal is wanted. 
1 Metal tank and agitator for handling calcium carbonate cake, closed 
top and for air, unless solid cake is handled instead. 

4 Resmolds shöp trucks. 
tt SO Galyanized stock cans to hold 100 Ibs. dry material each. 

Thermometers, gauges, yalyes and tools. 
Piping and Installation labor. 



Total about $22,000.00 
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No Bufldinsrs, Power, Shaf ting, or Belts, are induded in the 
above estimate, as it is only f or ihe chemical apparatus, piping, 
fittings, and necessary labor f or installing it. 

The total cost f or the necessary apparatus and installing it» 
after making use of the economies indicated above» would be 
about $17,500, or a reduction of $4,500, if rigid economy in 
Installation was practiced. 

^ All itemi marked thus can be provlded for in severAl ways, amonff which 

are much cheaper means If they are required. 
t Items marked thus can be ellminated entirely if it ia necessary to curtail 

the ezpense materially. 
I This indicatea that a less number of the items can be used than mentionad 

if it is a case of imperative necessity. 
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TWO TON SYNTHETIC PHENOL PLANT, EITHER ONE OR 

TWO LEVEL PROCESS, FOR TWO TONS IN 

ONE SHIFT OF TEN HOUR& 



To the cost of a one ton plant add : 



4 Solphonatiiig kettles. 

4 Reflux condensers. 

4 Safety valves. 

8 Filter presses. 

8 Dnmmy plates. 

8 Sets filter doths. 

8 Pair blow-cases. 

3 Duplex pumps for presses. 

3 Wash-water tanks. 
2 Soda tanks. 

2 Agitators for same. 

4 Concentratlng tanks. 
2 CrystalUzlng pans. 

1 Grlnding mUl. 



2 Autoclaves. 

2 Cauldron plates for same. 

2 Brick settings. 

2 Separation tanks. 

4 Sets of gauge-glasses. 

2 Agitators for Separation tank. 

2 Separation cylinders. 

3 CarboUc stlUs. 

3 Twin condensers. 

2 011 bumers. 

9 Tank benches. 

6 Metal tanks for carboUc dlstlllate. 

Plplng, yalves, labor, etc. 



Cost of one Ton Plant 



Cost of two Ton Plant. 



$14,000.00 
122,000.00 



$36,000.00 



The same proportionate reduction in cost can be made in 
the two ton plant as is made in the one ton plant. 

Either the one ton or the two ton plants have a reserve 
capacity of 26% additional, when füll capacity of each unit is 
utilized. 

Also two shifts of the entire apparatus can be run in 24 
hours if necessary and thus double the production at any time, 
with the existing equipment. 

The cost of all the larger items enumerated above has ad- 
vanced from 25% to 100% within the past 12 months and will 
probably advance still f urther, so that allowances should be made 
for these changes in figures as the year advances. 

All manufacturers who can build chemical apparatus are 
crowded with Orders and so their prices have been unduly raised, 
which explains the diiference in costs today and 12 months ago. 

Two 2 story buildings are necessary for a 2,000 Ib. plant, 1 
building 40 ft. wide and 150 ft. long, the other 40 f t. wide and 
70 ft. long. The walls should be 11 ft. high on lower level, and 
14 f t. high on upper level. 
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For a one story layout there should be 1 buflding, 240 ft 
long (or two buildings each 120 ft. long) and 42 ft. wide and 
a second building 100 ft. long and 42 ft wide with inside walls 
at least 15 f t. high. 

Either of these arrangements then aUow of sufficient room 
to double the plant's capacity at any time, by setting in the space 
allowed, the necessary additional apparatus. 



International Atomic Weights, 1918. 



0=16. 




0=16. 


Alnminiom . . . AI 27*1 


Molybdenum 


. Ko 960 


Antunony 






. Bb 120*2 


Neodymium 


. Kd 144-8 


Argon . 






. A 89*88 


Neon . 


. Ke 20*2 


Anenio . 






. Ab 74*96 


Nickel . 


. Vi 58*68 


Barium. 






. Ba 137*37 


Niton (radiui 


nemanation) . Kt 222*4 


Kismuth 






. Bi 208 


Nitrogen 


. K 1401 


Boron . 






. B 11*0 


Osmium 


00 190*9 


Bromine 






Br 79*92 


Oxygen 
Palladium 


. O 46*00 


Gadmium 






. Od 112*40 


. Pd 106*7 


Caisium 






. Ca 132*81 


Phosphorus 


. P 81*04 


Calcium 






. Ca 40*07 


Platinum 


. Pt 195*2 


Garbon . 






. 12*00 


Potassium 


. X 89*10 


Cerium . 






. Ce 140*25 


Praseod3'miui 


n . . Pr 140*6 


Chlorine 






. Gl 35*46 


Radium 


. Ba 226*4 


Chromium 






. Cp 52*0 


Rhodium 


Bh 102*9 


Cobalt . 






. Co 58*97 


Rubidium 


: Bb 86*46 


Columbium 






, Cb 9»*5 


Ruthenium 


. Bu 101-7 


Copper , 






. Cu 68*57 


Samarium 


Sa 150*4 


Dysprosium 






Dy 162*5 


Scandium 


So 44*1 


Erbium . 






. Er 167*7 


Seleninm 


. Se 79-2 


Europium 






. Eu 1520 


Silicon . 


. Si 28-8 


Fluorine 






. P 19*0 


Silver . 


. Aflr 107-88 


Gadolinium 






. Od 157*8 


Sodium 


. .Na 23*00 


Gallium 






. Ga 69-9 


Strontium 


. Sr 87-68 


Germanium . 






. Ge 72*5 


Sulphur 


. 8 8207 


Glucinnm 






. Gl 9*1 


Tantalum 


. Ta 181*5 


Gold . 






. Au 197*2 


Tellurium 


. Te 127*6 


Helium . 






. He 899 


Terbium 


. Tb J59-2 


Holmium 






. Ho 163*5 


Thallium 


. Tl 204*0 


Hydrogen 






. H 1*008 


Thorium 


. Th 282-4 


Indium . 






. In 114*8 


Thulium 


. Tm 168-6 


lodine • 






. I 126*92 


Tin 


. Sn 119*0 


Iridium . 






. Ir 198-1 


Titaninm 


. Ti 48*1 


Iron 






. Fe 55*84 


Tungsten 


. W 1840 


Krypton 






. Kr 82*92 


Uraiiium 


. XJ 288*6 


Lanthanum . 






. La 189 


Vanadium . 


. V 51*0 


Lead 






. Pb 207*10 


Xenon . 


. Ze 180*2 


Lithium 




» « 


. Li 6-94 


Ytterbium (N 


eoytterbium) . Yb 1720 


Lutecium 






. Lu 174*0 


Yttnum 


. Yt 89 


Magnesium . 






Mg 24*82 


Zinc . . 


. Zn 65*87 


Manganese 






Mn 54*98 


Zirconium . 


. Zr 90*6 


Mercury 






. Hg 200*6 
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CJornpaFattve Hydrometep Seale» Sp. Gr., Twaddell, and Baomöt 

at 12*6' C. 



Twftddell. 


Banmä. 


Spedfio OmTity. 


TwaddelL 


Baume. 


Specific GraYity» 








1-000 


54 


80*6 


1-270 


1 


0-7 


1*005 


55 


81-1 


1-275 


2 


1-4 


1-010 


56 


81*5 


1-280 


8 


21 


1-016 


57 


82-0 


1-285 


4 


2-7 


1020 


58 


82-4 


1*290 


6 


8*4 


1*025 


59 


82*8 


1-295 


6 


4-1 


1-080 


60 


88*8 


1-800 


7 


4-7 


1*085 


61 


887 


1*305 


8 


6*4 


1-040 


62 


84*2 


1-310 


9 


6*0 


1045 


68 


84-6 


1*815 


10 


6-7 


1050 


64 


85-0 


1*320 


11 


7-4 


1*055 


65 


85*4 


1*825 


12 


8*0 


1*060 


66 


85-8 


1-830 


18 


8-7 


1-065 


67 


86*2 


1-835 


14 


9*4 


1-070 


68 


86*6 


1-840 


15 


10-0 


1*075 


69 - 


87-0 


1-345 


16 


10*6 


1-080 


70 


87-4 


1*850 


17 


11*2 


1-085 


71 


87-8 


1-855 


18 


11-9 


1-090 


72 


88*2 


1-860 


10 


12*4 


1-095 


78 


88-6 


1*865 


20 


18-0 


1-100 


74 


89-0 


1*370 


21 


18-6 


1105 


75 


89-4 


1*375 


22 


14-2 


1-110 


76 


89*8 


1*880 


28 


14-9 


1-115 


77 


40-1 


1-885 


24 


15-4 


1-120 


78 


40-5 


1*890 


26 


16-0 


1*125 


79 


40*8 


1*895 


26 


16-5 


1-180 


80 


41*2 


1-400 


27 


171 


1-135 


81 


41*6 


1-405 


28 


177 


1*140 


' 82 


42-0 


1-410 


29 


18-8 


1*145 


88 


42-8 


1*415 


80 


18-8 


1150 


84 


427 


1-420 


81 


19-8 


1-155 


85 


48-1 


1-425 


82 


19-8 


1*160 


86 


43*4 


1-480 


88 


20-8 


1165 


87 


43-8 


1*435 


84 


20-9 


1*170 


88 


44-1 


1*440 


85 


21-4 


1*175 


89 


44-4 


1-445 


86 


22-0 


1*180 


90 


44-8 


1-450 


87 


22*5 


1185 


91 


45-1 


1-455 


88 


23-0 


1-190 


92 


45*4 


1-460 


89 


23-5 


1*195 


98 


45*8 


1*465 


40 


24-0 


1-200 


94 


46-1 


1-470 


41 


24-5 


.1-206 


95 


46-4 


1*475 


42 


25-0 


1*210 


96 


46*8 


1-480 


48 


25-5 


1*215 


97 


47-1 


1*485 


44 


26 


1*220 


98 


47*4 


1-490 


46 


26*4 


1-226 


99 


47-8 • 


1-495 


46 


26-9 


1*280 


100 


48-1 


1-600 


47 


27-4 


1-285 


101 


48-4 


1-505 


48 


27-9 


1*240 


102 


487 


1*510 


49 


28-4 


1*245 


108 


49-0 


1-515 


60 


28-8 


1*260 


104 


49-4 


1*520 


51 


29-8 


1*255 


105 


497 


1 *525 


52 


29-7 


1*260 


106 


50-0 


1-630 


58 


80-2 


1*265 




< 





To oonvert degreee Tw. ifito tp. gr., moltiply by 5, add 1000, and divide by 1000. 
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ONE-QUARTER TON SYNTHETIC PHENOL PLANT, ONB 

LEVEL PROCESS, FOR ONE-QUARTER 

TON IN TEN HOURS. 

The following items would constitute the necessary appa- 
ratus f or a very complete and up to date Installation, includinsr 
a liberal capacity at every step and of the most approved type 
throughout, but without a benzol rectif ying unit. 

1 Outside benzol Btorage tank, to bnry under ground, Bheet steel and 

about 1,000 gal., emptles by carbonic acid pressure. 
1 Concentrated sulphuric acid storage tank outside, to set In ooncrete 

cradle, sheet steel and about 1,000 gaL, emptles by gravity die- 

Charge. 
1 Chamber acid storage tank outside, to set in concrete cradle, sheet 

Steel and about 1,000 gal., emptles by gravity discharge. 

1 Milk of llme mixing tank, yi" sheet steel, with agitator, closed top, 
4 ft. diam. by 4H ^* deep, 420 gal., air pressure discharge. * 

2 Sheet steel measurlng tanks or eggs with gauge glasses, closed top«, 
32'' diam. by W deep, 125 gaL each, syphon discharge. 

1 Sheet steel, hot oll blow-case, welded, yi" sheU, ^fW corer, 105 gal. 

capacity, syphon discharge, weight 150 Ibs. 
1 Gast iron sulphonating kettle with agitator and double Jacket, 320 gal. 

capacity, weight 8,500 Ibs. 
1 Reflux condenser sheet steel tank, with 72 ft. of 2r condensing pipe 

coli. Tank 2' diam. by 5' deep. 
1 Soft seat safety yalve for vapor, low pressure. 
1 Lead lined, 300 gal., wood tank for the sulphonate. 
1 Neutralizing tank, Z" cypress, 8 ft diam. by 4H ft. deep, weight 2,400 

Ibs. 
1 Agitator for same with T. & L. puUeyB, gears, pillow blocks, etc. 

1 Wash Alter press, 24 Chambers, 24^^ z xyi" plates, safety valve and 

trough, weight 5,000 Ibs. 

1 Wash Alter press, 18 Chambers, 24"' xl^" plates, safety valve and 

trough, weight 4,200 Ibs. 
\% 2 Dummy plates for Alter presses, weigh each 200 Ibs. 

2 Sets Alter cloths. 

2 Palr twln blow-cases for Alter presses, yi," sheet steel, welded, 5/16" 

Cover, 105 gal. capacity, sjrphon discharge, weight of each 160 Ibs. 

3 Duplex steam pumps, 4^^^ x 2%" x 4^^, for Alter presses. 

t:^ 3 Wash water tanks, 3" cypress, 8 ft. diam. by 7 ft. deep, weight of 

each 3,400 Ibs. 
1 Soda tank, 3" cypress, 8 ft diam. by 7 ft deep, weight 3,400 Ibs. 
1 Agitator for same, with T. & L. pulleys, gears, pillow blocks, etc. 
1 Concentratlng tank, V cypress, 8 ft. diam. by 4 ft. deep, weight 2,000 

Ibs. 
1 Round cast iron crystallizing pan, with steam jacket and stirring 

device, T. & L. pulleys, gears, adjustments and seif dlscharging, 

weight 12,000 Ibs. 
1 No. 4 steel burr mill for grinding sodium salt crystals, weight 320 Ibs. 
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* 1 Cast Steel autoclaye for fuslng, to set In briek, closed top» agitator, 

seif discharglng, 32'^ Inside dlameter hj BS" deep, %" walls, weight 
6,000 Ibs. 

1 Cauldron-plate for autoclave. 

1 Brick settlng for autoclave. 

1* 1 Dissolving tank with agitator, sheet steel and cast iron, 4 ft dlanu 
by 8 ft deep, closed top, jacketed bottom. 

* 1 Sheet Steel, conical bottom Separation tank, B% iL diam.. by 12 ft. 

deep, with agitator, closed top, gauge glasses, alr, acid and steam 
colls, weight 4,000 Ibs. 

t 2 Sets of 1^" gauge glasses, each 3 ft. long, for Separation tank. 

^ 1 Agitator for Separation tank with T. ft L. pulleys, gears, pillow blocke, 
etc. 

X 2 Sheet steel blow-cases for liquid carbolic, ^'' Shell, 6/16" corer, 
105 gal. each, syphon discharge, weight of each 150 Ibs. 
1 Square, lead lined, Chamber acid mizing tank, 4V&' x 4V&' z 4^', ca- 
pacity 680 gal. 

1 Cast iron blow-case for Chamber acid, 105 gal., 2 ft. diam. inside by 

4H ft deep, weight 1,500 Ibs. 
f* 1 Washer for carbolic, sheet steel, closed top, agitator, 318 gal., 3 ft 

diam. by 6 ft. deep, air pressure discharge. 
t 1 Separation cylinder, 3/16" sheet steel, closed top, reservoir and 

gauge-glass below, 245 gal., 20 in. diam. by 15 ft. long. 

• 3 Cast iron, carbolic oll Jacketed stills, 150 gal. capacity each, with 

heads and goose-necks, weight of each 6,000 Ibs. 

• 3 Twin tank condensers for carbolic stills, each tank jacketed, 12 sheet 

steel tanks in all. 
*t 1 011 heater for stills, either cast pot or sheet steel tank, 
t 1 Brick settlng for oll heater. 
t 1 Duplex steam-pump for oil. 

2 011 bumers. 

t 1 Caustic Solution, vapor recovery tank, sheet steel, 750 gal., 4 ft diam. 
by 8 ft. deep, closed top. 
1 Air compressor and tank, 
t 1 Steam plate 24" Square, 
tt 7 Plpe-leg tank benches. 

tt 2 Metal tanks for crystalllne carbolic distlUate. 
fX 3 Metal tanks for watery carbolic dlstillate. 
t 1 Enameled crystal carbolic storage tank. 

• 1 Platform scale. 

t 1 Metal tank and agitator for dlsposing of calcium sulphate cake, 

closed top if fluid disposal Is wanted. 
t 1 Metal tank and agitator for handllng calcium carbonate cake, closed 

top and for air, unless solid cake is handled instead. 
f 1 Reynolds shop truck. 
fX 15 Galyanlzed stock cans to hold 100 Ibs. each of dry material, with 

Covers. 
^ Tkermometers, gauges, valves and tools. 
Piplng and Installation labor. 



Total about 111,000.00 
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SYMBOLS AND FORMULj; 



BjaML 

et 
Wonnnkk 




KHCO, 
KHSO, 
KHSO4 

KI 

KMnO« 

KNO, 

ENOw 

KOH 

KjCi04 




K^3 

kIso. 

Li 

ua 

UfiO, 
Li^4 




Mß(OH)» 

"C 

MdOO, 

MnCL 

MnOL 

MnSO« 

.Mo 

N 

NHjTOH 

NH, 

NH4Br 

NH4.CNS 

NH4a 

NH.ClOs 

NH.aO- 

(NH4)XJr04 

<NH4)|HP04 



Potaanum flnoride 

bicarbonate 

bisulphite 

bisalphata 

iodide 

permanganate 

nitrite 

nitoite 

hydroxide 

carbonate 

Oxalate 

taitrate 

Chromate 

bichromate 

oxide 

platinocvanide 

platinocnloride 

Bulphide 

aulphite 

sulphate 

alum 

silicoflüoride 

Bilicate 

phogphate 



»♦ 
«I 
>1 
♦♦ 
n 
»» 
i> 
»» 
♦» 
» 

»9 
»» 
•> 
t« 
»• 



M 



lithiaiD 



»9 



Chloride 

carbonate 

sulphate 



Symbol 

et 
Fonnnla 



«« 



»» 



Magnedum 

^, carbonate 
„ diloride 
„ nitrate 
M oxide 

„ hydroxide 
„ sulphate 
Manganese 

carbonate 
Chloride 
dioxide 
sulphate 
Molybdenum 

Nitrogen 

Hydrazine 

Hydroxylamine 

Ammonia 

Ammonium bromide 

thiocyanate 

Chloride 

chlorate 

Perchlorate 

Chromate 

bichromate 

hydrosul* 

phide 
bydro^en 
phc^^te 



1» 

M 
>» 

n 
n 

n 




NO, 
NjO 

5* 

^£* 

NaBr 
KaBrO. 

NaCN 

NaCIO, 
Naa04 

NaF 
NaHOO. 
NaHSO. 
NaHS04 
NaH^FO« 

NaI 

NaMnO« 
NaNH, 
NaNO. 
NaNO. 
NaOa 
NaOH 
NaPO, 

Na,Al^« 

Na/X), 
Ka,Cr04 

Na^Ou 
Na^4 

]?*¥^» 

Na^nO. 

Na,W04 
NaJP04 

"^ 

NiCL 
NiO 

NiS 

o 

Os 



Käme 



« 
»9 

9» 

9) 
»9 
99 
99 
99 
99 



Ammonium iodide 
„ nitrate 

„ sulphate 

Nitric oxide 

Nitrogen dioxide 

Nitrous oxide 

Nitrogen trioxide 
„ peroxide 
M pentoxide 

Sodium 

bromide 
bromate 
Cyanide 
aoetate 
Chloride 
chlorate 
Perchlorate 
fluoride 
bicarbonate 
bisulphite 
bisulphate 
dihyarogen 
nhosphate 
„ ioaide 
„ permanganate 

Sodamide 

Sodium nitrite 
nitrate 
hypochlorite 
hydroxide 
metaj^oephate 
aluminate 
borate(borax) 
carbonate 
ehromate 
bichromate 
oxide 
peroxide 
siilphide 
sulphite 
sulphate 
thiosulphatb 
stammte 
tungstate 
phoephate 
pyrophosphata 



99 
99 
99 

>9 
9» 
99 
99 

>.» 
99 
» 
99 
99 
99 
99 
)> 
99 
99 
9» 



Nickel 

n 
99 

99 
99 
9f 
99 



Chloride 

oxide 

sulphide 

sulphate 

hyaroxide 

ond 



Oxygen 

Osone 

Osmium 

Pliosphoini« 
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SYMBOLS AND FORMUL2E 



Symbol 

er 
Formiila 




Bb 
Bh 

S 
SO, 

%^ 

Sb 
ßbCL 
SbClft 
8bA 
B^, 

»Si 

Sic 

8iCl| 

SiF« 



Name 



Phosphoms trichloride 
„ pentachloride 

n oxychlonde 

„ pentoxide 

Lead 

carbonate 

aoetate 

Chloride 

Chromate 

iodide 

nitrate 

ozide 

peroxide 

Bulphide 

solphate 

sesquioxide 



}» 

99 
99 

99 
99 

» 
99 



Symbol 

or 
Fonrnüa 



»> 



Minium 

Palladium 

Platinum 



n 



tßtrachloride 



Bubidium 
Bhodium 

Sulphur 

„ dioxide 
Sulphuryl chloride 
Sulphur trioxide 
Antimony 

„ trichloride 
„ pentachloride 
„ triflulphide 
. yf pentasulphide 
Selenium 
Silicon 

„ carbide 

„ tetrachloride 

„ tetrafluoride 



SiO, 

Sn 

SnCI, 

Sna« 

^^ 

BnS 

SnSo 
Sr 

SrCX). 

SrCL 
SKNO^ 

SrO 
Si<OH], 

SrSO« 

Te 
Ti 
Tl 

U 

UOo 
UOLCL 

V 

VA 
w 

Zn 

ZnOO, 

ZnCL 

ZnO 

Zn(OH), 

ZnS 

ZnSO« 

Zr 



Name 



Silicon (fioxide (silica) 

Tin 

Stannous chloride 

Stannic chloride 

Tin oxide 

Stannous 8uh)h{de 

Stannic sulphide 

Strontium 

carbonate 

chloride 

nitrate 

oxide 

hydroxide 

Bulphate 

Tellurium 

Titanium 

Thallium 

Uranium 

„ oxide 
XJranyl chloride 
„ nitrate 



Vanadium 



99 



pentoxide- 



Tungsten 



Zinc 
n carbonate 
„ chloride 
„ oxide 
,, hydroxide 
„ sulpliide 
„ sulphate 

Zirconium 



ÜSEEUL DATA 

1 Ib. avoir. = 16 oz. = 7 000 grains = 453-59 grammes = 1 -21527 Ib. troy. 
1 Ib. troy = 12 oz. =5760 grains = 373 - 242 grammes = • 82285704 Ib. avoir. 
1 oz. avoir. =437-5 grains = 28.35 grammes = 0-9114583 oz. troy. 
1 cubic Cent. =-06113 cub. in. = -282 fi. drms. = -00176 pint = -0352 fl. oz. 
l cubic foot = 28315-3 cc. = 6-2321 gallons = 28-3153 litres = 997*1364 fl. oz. 

= 49-8568 pints. 
1 Englishgallon= -16046 cub. ft. = 277-274 cub. in. = 4-54356 litres. 
1 cubic inch = 16*386 cc. = 0*577 fl. oz. = -0164 litre = -02885 pint. 
llitre =-035316 cub. ft.= -220096 gallon = 61-0270 cub. in. = 1-1761 

pint. 
1 fl. oz. =28*396 cc. = 1*7329 cub. in. 

1 pint = 567*919 cc. = -020057 cub. ft. = 34-659 cub. in. = -567920 litre. 

1 gramme = -002204 Ib. = 03527 oz. = 15*432348 grains. 
Per Cent, of tar x 2 = gallons per ton approxlmately. 
1 per Cent, nitrogen in fuel = 105 Ibs. ammonium sulphate per ton (theo- 
retical). ^^ 
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Table of Percentage of Sulphurie Add (Lunffs and /«br). 



Specific Gi-avity 

.. 15° 


Degree 


Percentag9 


Specific Gravity 

A. 15* 


Degree 


Percentaffe 


at -— 
4«- 


Haum6. 


H/J04. 


at^,. 


6aam4, 


H^4. 


1-000 





0-09 


1660 


51-8 


65-08 


1-010 


1-4 


1*57 


1-570 


52*4 


65*90 


1-020 


2-7 


3*03 


1*580 


63-0 


66-71 


1-030 


4-1 


4 49 


1*590 


68*6 


67-69 


1-040 


6-4 


6-96 


1*600 


54-1 


68-61 


1-050 


6-7 


7-37 


1-610 


647 


69-48 


1-060 


8 


877 


1*620 


68-2 


70-32 


1-070 


9-4 


10 19 


1*630 


66*8 


71*16 


1-080 


10-6 


11-60 


1*640 


66*8 


71-99 


1090 


11-9 


12-99 


1-650 


56-9 


72*82 


1-100 


13 


14*85 


1*660 


57-4 


78-64 


1-110 


14-2 


1671 


1-670 


67*9 


74*61 


1120 


15-4 


17-01 


1*680 


68*4 


75*42 


1-130 


16-5 


18*31 


1*690 


58-9 


76-80 


1140 


177 


19*61 


1700 


59-6 


77*17 


1-150 


18-8 


20i)l 


1710 


60-0 


78-04 


11 60 


19-8 


22*19 


1-720 


60*4 


78-92 


1-170 


20-9 


23*47 


1780 


60*9 


79-80 


1-180 


22*0 


2476 


1740 


61*4 


80-68 


1-190 


23*0 


26*04 


1760 


61-8 


81-56 


1-200 


24-0 


27*82 


1760 


62-8 


82-44 


1-210 


25*0 


28*58 


1*770 


62-8 


88*32 


1-220 


26-0 


29*84 


1-780 


68*2 


84*50 


1-230 


26*9 


31*11 


1-790 


687 


8670 


1-240 


27-9 


82*28 


1-800 


64*2 


86*90 


1-250 


28-8 


83-48 


1*810 


64*6 


88*30 


1-260 


297 


34-67 


1*820 


66*0 


90*05 


1-270 


80*6 


8571 


1*821 


••• 


90-20 


1-280 


81*6 


86-87 


1-822 


65*1 


90*40 


1-290 


82-4 


88*08 


1*828 


••• 


90-60 


1-300 


83*3 


89*19 


1*824 


66-2 


90-80 


1310 


84-2 


40-86 


1*825 


••tf 


91*00 


1-320 


85*0 


41-50 


1-826 


66*8 


91-26 


1-330 


85*8 


42-66 


1827 


■■• 


91*60 


1-340 


36-6 


4874 


1*828 


66*4 


9170 


1-350 


87-4 


44-82 


1-829 


• •• 


91*90 


1*360 


88-2 


45-88 


1-880 


• • • 


9210 


1 370 


39-0 


46-94 


1*881 


66*6 


92;80 


1-380 


89-8 


48*00 


1*882 


••• 


92*62 


1-390 


40*5 


49*06 


1*888 


65*6 


9276 


1*400 


41*2 


60-11 


1-834 


••• 


93-06 


1-410 


42*0 


51-15 


1*885 


667 


93-48 


1*420 


427 


62*16 


1886 


• • • 


93-80 


1*430 


43*4 


53*11 


1887 


»«• 


94-20 


1 440 


44-1 


54*07 


1*838 


65*8 


94-60 


1*450 


44-8 


65*08 


1839 


••• 


96-00 


1 460 


45-4 


65*97 


1840 


65*9 


95-60 


1-470 


46-1 


56 90 


1-8406 


••• 


95-95 


1 480 


46*8 


67*88 


1-8410 


• • • 


97-00 


1*490 


47-4 


6874 


1 -8416 


••« 


97-70 


1-600 


48-1 


5970 


1-8410 


• • • 


98-20 


1-610 


487 • 


60*66 


1-8406 


••• 


98*70 


1*520 


49-4 


61*59 


1-8400 


••• 


99-20 


1*530 


60*0 


62-58 


1*8895 


•• • 


99*4» 


1*640 


60-6 


68-48 


1*8390 


• ■ • 


9970 


1*560 


61-2 


64*26 


1-8885 


< • • 


99*95 



SYNTHETIC CARBOLIC AOID PROM BE^NZOL. 
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Table of Pereentages of Canstic Soda (Sodium Hydrate). 



Specific Gravity. 


Degroe ' 
Baum& 


Degree 
Twaddea 


Peroeutacd 
NaOH. 


1-007 


1 


1*4 


0*61 


1-014 


2 


2-8 


1-20 


1-022 


8 


4-4 


2-00 


1-029 


4 


6-8 


271 


1-0S6 


6 


7-2 


8*86 


1-046 


6 


9-0 


4-00 


1-062 


7 


10-4 


4*26 


1-060 


8 


120 


6*29 


J-067 


9 


18-4 


6-87 


1-076 


10 


16*0 


6*66 


1*088 


11 


16*6 


7*81 


1-091 


12 


18*3 


8*00 


1-100 


18 


20*0 


. 8*68 


1-108 


14 


21*6 


9-42 


1-116 


16 


28-2 


10*06 


1*126 


16 


26*0 


10-97 


1-184 


17 


26-8 


11-84 


1*142 


18 


28*4 


12-64 


1162 


19 


80*4 


18-66 


1*162 


20 


. 82*4 


14*87 


1-171 


21 


84*2 


16*18 


1-180 


22 


86-0 


16*91 


1*190 


28 


88*0 


16-77 


1-200 


24 


40*0 


17-67 


1*210 


26 


420 


18*68 


1*220 


26 


44*0 


19-68 


1*281 


27 


46-2 


20*69 


1-241 


28 


48*2 


21*42 


1*262 


29 


60-4 


22*64 


1*268 


80 


62*6 


28-67 


1*274 


81 


64*9 


24-81 


1*286 


82 


67-0 


26-80 


1*297 


88 


69-4 


26-88 


1*808 


84 


61-6 


27-80 


1-820 


86 


64-0 


28-88 


1-882 


86 


66-4 


29-93 


1-846 


87 


69-0 


81-22 


1-867 


88 


71*4 


82-47 


1-370 


39 


74*0 


88*69 


1-883 


40 


76*6 


84-96 


1-397 


41 


79-4 


86-26 


1-410 


42 


82*0 


37-47 


1*424 


48 


84*8 


88-80 


1-488 


44 


87-6 


89-99 


1-468 


46 


90-6 


41*41 


1-468 


46 


93*6 


42-88 


1-488 


47 


96*6 


44-88 


1-498 


48 


99*6 


46*16 


1*614 


49 


102*8 


47-60 


1*680 


60 


106*0 


49*02 
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Speciflo Gravity of Solutions of Sodium Carbonate at 15* 

(Lunge). 









Peroentage by Weight 


Specific 
Gmvity. 


Degrees 
Baom^ 


TwiädelL 




1 








NasOO^ 


VasCO^+lOAq. 


1007 


1 


1-4 


0-67 


1*807 


1-014 


2 


2-8 


1-33 


3*587 


1-022 


3 


4-4 


2*09 


5-637 


1*029 


4 


5-8 


276 


7-444 


1-086 


6 


7-2 


3*43 


9-251 


1-045 


6 


9-0 


4-29 


11-670 


1-052 


7 


10-4 


4*94 


18-323 


1*060 


8 


12-0 


5-71 


15-400 


1-067 


9 


13-4 


6*87 


17-180 


1-075 


10 


15*0 


7*12 


19*203 


1-083 


11 


16*6 


7-88 


21-252 


1-091 


12 


18*2. 


8-62 


23-248 


1-100 


18 


20 


9-43 


25-432 


1-108 


14 


21-6 


10 19 


27-482 


1-116 


15 


23-2 


10-95 


29-532 


1-125 


16 


25*0 


11-81 


81-851 


1-134 


17 


26-8 


12-61 


84-009 


1-142 


18 


28*4 


13*16 


35-493 


1*152 


19 


80*4 


14*24 


38*405 



Table L — Frodücts of ths Distillation of Coal. 



Namep 


Formula. 


BoQiiig-point 
Centigi. 


Hydiogen 


HH 


• . • 


Marsh gas (hydride of methyl) 




(CH3)H 


• •• 


Hydride of hexyl • 




(C5Hi3)H 
(CsHi,)H 


6S 


Hydride ofoctyl . 






106 


Hydride of decyl • 






(Cjo^si)^ 


153 


Olefiant gas (ethylene) . 




,• 


C,H, 


•■•• 


Propylene (tritylene) 






CjH« 


• •• 


Capioylene (hexylene) . 






CjHu 


55 


CEnanthylene (heptylene) 






C^Hi4 


99 


Paraffin .... 






C.H. 


• • . 


Acetyleoe .... 






C2H3 


• •• 


Benzol .... 






CtK 


80*8 


Parabenzol .... 






cK 


97*5 


Toluol 






CrHg 


IIO 


Xylol 


QHio 


139 
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Table I. — eotUiimai. 



Name. 


FoimnLb 


ctSr 


Cumd 

Cymol 

NapbthaUne 

Chryseo 

Pyien 


1^ 


IIO-7 


Water 


f 


lee 


Hydpsulphuric add . 


Hh 




Hydrosulphocyamc add 


{(c%}' 




Carbonic oxide . 
Caibonic anh^iide 
Bisulpbide of caibon 




"cd 

CO, 
CS, 


47 


AceÜcadd . 
Caibollc add (pheool) 




{ 


(C.H.) ° 


ISO 
i88 


CresyHc alcohol (cresol) 




H O 


"3 


Ph!oiylicala)hoI(phlo«)l) . 

Rosolicadd 

Biunolicadd 






a™«™ 


■ H N 
H 


33 


Aomiie 


! 


I8s 


Pyridine 

Picoline 

Uitidin 

CoUidiae 

PteTOline 

Coridiiie 

Ribidine 

Viridme 

Leucolme 

Lepidioe 

Ciyptidine 

Pyriol . 

nydiocyxiu 


add' 






"5 
•34 
>S4 

.-II 
11 1 
»30 
'S' 
>35 
a6o 

»s« 
•lls 
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MITRIO SY8TKM OF WBIOHT8 AND MKA8URK8. 

Tin Mbtbio Ststbm has been adopted by Hezioo, Brasil. Chile. Pem, etc., and ezeeptBnaai» 
«ad Greaft Brttain, where It is permiasive, by all European nationa. Various names of the precedlns 
.Systems are, however, fraguentiy used : In Oermany, »4 kUocrram * 1 pound ; In Switzerland, a^io 

illxes aeßea^ heeto, kOo. mf ' ' 




In i^b'reviatiöns : 1 dekametre or 10 metres — 1 dm. ; 1 declmetre or 1>10 of a metre — 1 dm. 

The Bf BTRB, nnlt of length, l8 neariy the ten-mtlllonth part of a quadmnt of a meiidlan, of tb» 
dlstanoebetween Equatorand Pola The International Standard Metre is. practtcally, notblogr eise 
but a length defln«! by the dtotanoe between two llnes on a platlnum-lridluxn bar«t00Ceiillvcade. 
deposlted at tbe Inwmatlonal Boiean of Wel^bts and Measures, Paris, France. 

The LiTBB, nnlt of capactty, is dertved f rom tbe weight of oae kllogram pnre watet «tiiiiBtm 
density, a cobe whose edge is one-tenth ol a metre and, tberefoze, the one-mousandtli piurt of • 
metric ton. 

The QBAiff. onlt of weight, is a cnbe of pure water at jrreatest density, whoee edge is ooe-handvedfli 
of a metre, and, thecefbre, tbe öne-thoosaodth partoxa kllognua, and the one-mUltonth. sartoc» 
metric ton. 



^ .The Metrioaystem WMlegallaed in the United Btateeon Jnly 98, 1368, wliMiOcMigtMi«6MM m 

fOllOWS : 




^jTstem, and tke tables may lawfully be used for Computing, determinlng, aädexpietslBgiAGastoiii- 
ary weights and measures the weights and measnres of the metric syatenO * 
The lollowingare the table« aonezed to the above: 



1CKA8VBBS OF LSNOTB. 



Metrie Denomlnatlons and Valne^ 



Myriametre ........................... 10,000 metres. 

Kilometre 1,000 metreai 

Hectometre ............... ............ 100 metres. 

Dekametre ..m 10 m etres^ 

Metre ...MMM....... 1 metre. 

Decimetre 1-10 of a metre. 

Oentlmetre.. 1-100 ef a metre. 

Milllmetre 1-1000 of a metre. 



XqnlTalents in Denomlnatlons in Usa 



6.2187 mlles. 

0. 61037 mile. or 8,380 feet 10 Inoheik 

828 feet lisch. 

883 7 inches. 

39.87 inches. 

a987 inchesi 

0.8887 inch. 

0.0384 Inch. 



Mbasobbs or BVBMAcm, 



Metric Denomlnatlons and Valnes. 



Hectare.».....«MM...ff..M..M.... • 10,000 SQuare metres^ 

Are 100 Square metiesL 

CentareMM«M....M....M.. ......... 1 Square metisu 



XqniTalents in Denomlnatlons In UM. 



2l471 acresL 
110. 6 Square yards. 
1,660 Square uMdiea 



MBAhPBBS OF OAFAOnpr. 



Metric Denomlnatlons and Valuesw 




KtloUtieorstere. 

Hectolitre^ 

Dekalttf«. 

Lltre 

jutswim^t«— «♦•— < •••• 

OenUlitre^ 

MlUUttn 



1.000 

100 

10 

1-10^ 
1-100 



.«...•.• 



IcubicnietraL... 

1-10 of a cobic metre. 

10 cublc decimetres«. 

1 ciiblc decimetre............ 

1-10 of a cabio dedmetra 
10 ciibio centimetres......... 



IrlOOO 1 coMc citttlmetie.. 



SqulTalenttf In'Denominatlona In üe*. 



1. 306 cnWc yards...«»... 
2 bush. and 8L86 peeks. 

9. 08 quarts —.„^ 

0. 906 quart. »... ...» a........ 

6. 1022 cublc inches......... 

Ol 6102 cttUc inen.......... 

0.061 cabloindi..««^....^ 



264.17 gaUoBfi 

2^417 galtoniL 

2.6417 gallona 



Pa«os 76 to 78 are» by permlssion» taken ftt>m the World Almanac of 1116. 
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HBTRia STSntU- 



HXTBIO TO CDSTOHAKr. CCBTOKABT TO ICBTIUa 



nwM TS to n WA br vtmaimOm. Uku (ram tha Wortd Almaian «f UM. 
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THI MITRIO SYSTIM •IWPLiniD. 

Tbeltillowtiwtatdwottlwmatrlo syMim ol welghts «nd rneamtea tMiVabeMi alDiplllladM Doek 
M poanble lor Tax Wobld Alxamjo bf omlulDs tocb denomluUioDa m »ra OM In piscUo»!, 

•Tei7d«y DM In tue CDODUleB wba» Uw a^Wm I« uted excliulfel;. 

TABLES OP THK SYSTEM. 
■■•Utk,— TbsdenomlnulonB InpnctlciO um *re mllllmettea (mm. ), ceDtlmatia (COL ), mMCM 
OD.).uaJclloinnia(km.). 

WelskiT— TbadeuomliiaÜDiia la'iueiuecrknuig.1, kila' (kB.), uid tooi (msLrtc loiu). 

l,OMrs._lk(.: 1.000 kg. -Imetricloii. 

(JiuwdtT-— Tbs denomiPBilonB In use ar« cnble ccntlmtire* (CQ 1 u 



_1L Son ■ 



inolGap»ctlr*iid<reJcb(UileDcii>. a'cuIiIo< 






l*»Uti«, Mkdautnolwi 



APPROZIHATB EQÜIVAl.KNTa 



iffiffi 



IcablcceDtlmetie •• 



lkllDinMm~~~.— .69 i 



••1.6 kUometno 

^ .03» I neb 

~ '.*i iiin!'.ZZ.7TZ 



- .Oft litn.. 

- .!& Kl. Ic 

- .OP"" " 

zn 



IkllomMm 
illi»..-_ 
illt» .__ 



SÄ 

tvl m*trto u 



— — rwi 

.MM 

_ J60O 

.OM» 

Imeir'«. 6. «GS 



i 11 



- :Sl met 



(a,awibt.) .es«9 



KSASURn AND WIIOHT« Or ORIAT RRITAIN. 



le elf bib boul 
IT» iDthm, bat »_ 
li f rcqumtly md. 











nmofopMUrt 


Kauk 


■KSÄ"' 


CUUCIIH*«. 


I^"" 1 !ä"f?«?e1!S? 


1^.": ffiSs- — 


iJ8 Pi 


,11 
Jii 

iS?SS 


II 





v IhI «f Bar« IB 



H rwxb ) i*nn, MO fvalM t kai 
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T9 



KNOT8 AND MILKS. 

TsB Statute Allle to 5,280 feet. 

The Brltlah AdmJralty Kuot or Navtleal MUe ta 6.060 feet 

The Statute Kuot Is 6.062.66 feet. and Isgenemlly oonsidered the standaid. Thesnmberof 
feet In a Statute knot is arrived at thu»: Tbe circumferenoe of the earth isdivided mtodOOdecr^CBi 
each de^ree oontalning 60 knots or (960x60), 21,600 knote to the circomference. 21.600 dnrided 
Into 131,885,4ö6-Uie nomber of feet in the earth's circuxnference— gives 6^062.66 feei— the length ci 
a Standard mile. 



Iknot 
2 knots 
8 knots 



.1.151innes| 4 knots— 4.606 mllesl 
«.2.803mlles| ökuots— 6.757 miles 
wm 3.454 mlles 1 10 knots - 11. 515 miles 



20 knots •> 23. 030 miles 1 600 feet 
25 knots — 28.787 miles I lOcablei 
6 feet — 1 f athom | 



-l<»bie 
-X knet 



ANCUNT QREBK AND ROMAN WEIOHTS AND MBA8URB8» 



WXTH AMKRICAN XQUIVALXNT& 



WKIGHTS. 

The Roman Ubia or pound — 10 oz. 18 
TheA.ttlcam!naorpound — lloz. ~ 
The Attica talent (60 min») » 66 Ibs 




Tioy. 



OBY MKA8URK. 

The Boman modus — 1 pk. 2-9 pint. 
The Attlc choenix -■ nearly IkL pints. 
The Attic medimnns — 4 pk. 6 1-10 pInts. 

The cotyle ■> a litUe over i^ pint* 
The cyathns — a ilttle over IM pinta. 
The chus «• a litüe over 6M pints. 

liONO MKASÜRB. 

The Roman foot — 11 8-6 inches. 
The Roman cabit » 1 f t. 6H IncbesL 
The Homan naoe — 4 ft. 10 Inches. 
The Roman f arlon; — 604 f 1. 10 Incheii 
The Homan mlle -■ 4^36 feet. 
The Grecian cnbit — 1 ft. (^ Inches. 



The Grecian fnrlong — 604 ft; 4 1*6 Incbfliw 
The Orecian mile -• 4,030 f t 

MONEY» 

The'Quadrans ■• 1 1-10 mills. 

The as- 13-10 mi]J& 

Tbe sestertius — 3.68 •)- centai 

The sestertium Cl.OüO sestertif) « $861. SIMv 

The denarins — 14.36 -f cents. 

The Attic Obolus — 2.89 + cent& 

The drachma -> 14. 86 -h cents. * 

Tbe mina (100 dracbm») — $14.854v 

The talent (60 min») - S861. 004-. 

The Qreek stater » aureus (same aa tbe Boioun 19 

-$3.66^79. 
The stater — darlcns » 67^16|66, 



*The modern drachma eqnals 19.8 oenta t DId not remain. at all periods, at thls valne, bat thü 
lithe ▼alue indicated by Tacitua. 



BI3LIGAL WEIGHTS RBDaCSCD TO TBOT WSIGHT. 








Lba. 


Ol. 


rwu 


Or. 


nieOerah. one-twentleth of aShekel • 










6 




6 




19 


TheBekah. half aShekU...*. 

TheShekel — 

The Manch, 60 Shekels......... 

The Talent, 60 manehs,or ä^OOOShekels 






•0 





DOMBSTIO WBIQHTS AND MBA8URB8. 

Apetheeariea'^elshtt aogialns— 1 scruple; 8 8cruples>-l dram? 8diain8»loiinoailS 
onnces ■■ 1 ponna. 

Ayelrdnpoie Weiuht (short ton) : 27 11 82 graf n» — 1 d «am ; 16 drams -i 1 oonce ; 16 ouncet«i t 
ponnd;.26Douu(U-- 1 cuarter; 4 quarters— 1 cwt ; 20 civt. -• 1 ton 

^J®Ks''>*®'^^*?«l*t (long ion): 27 11-32 grains- 1 dram; 16 drams- 1 ounce; 16ounoe8«it 
pound; 112pound8-l cwt. ; 20 cwt - 1 ton. 

Troy Weijrlit t 24 gcains— 1 pennywelght; 90pennywelghts->l ounce; 12 ounces— ) pound 
; Clrenlar neuaure t OOseconds — 1 mmaie ; 60 minutes - 1 degree ; 80 degiees - 1 sign 1 12 sfgni 
«i 1 arde or cireumference < 

CuMe Neaanre 1 1, 728 cnblc Inches — 1 cubfc foot: 27 cublc feet — 1 cublo yaxd. 

pry Ateaaurei 2 plnts— 1 goart; 8quarts — 1 peck; 4pecfc8— 1 busheL 
^Uquid Aleaanre t 4 glUs — 1 pint ; 2 jtints— 1 quart ; 4 quarts — 1 gailon ; 81H gaUons — 



Ibaimt 

iMng Afeaaure t 12 Inches — 1 foot s 3 feet— 1 yard ; 6M yards — 1 rod or pole; 40 rods — 1 Ubs 
knuN 8 luzlonss — 1 Statute mile (1,760 yards or 6. 280 feet) ; 8 miles — 1 league. 

jnarinera^ AEeaanret 6 feet — l fatbom; 120 fatboms— 1 cable lengtb; 7H cablelengthsail 
SUle: 6,280 feet» 1 Statute mile ; 6,086 feet - 1 nautical mile. 

^ Paper Meaawre 1 24 sheeis — 1 quire ; 90 qulres — 1 ream (480 Sheets) ; 2 reams — 1 bündle; 6 
mindles — 1 bale. 

MQuare Meaaure 1 144 Square Inches — 1 Square foot ; 9 sguare feet — 1 souare yard ; BfH squari 
yacds—1 Square rod orperch; 40 Square rods— 1 xood: 4 roods— 1 acre: 640 acres-l Square mllas 
86 souare mlles (6 miles square) — 1 lownsbip. 

• Time itleasnrei 60 seconds— 1 minute; 60 minntes»! honr; 24 bonrs— 1 day; 7 daya»! 
iMeks866days-lyeari866days-lleapyear. .-^, , 

HEDICAL SIGNS AND ABBRBVIATIONS. 
9(Iiat.Raoipe), take; AA, of each; ft. pound; $, ounce: 3 , dracbro; 9, scruple; Ht.mlnlm.or 
dfop; O oro, pint; ( $ , fluid ounce: f 3 * fluid dracbm; as, f ss, half an ounce: ij. one ounce: fiss« 
one ounce and ahalf; SiJ, twoounces; gr., grain; Q. 8.,asmuchas8utticient; Tt Mist . let a mlz- 
tare be made; Ft. Haust , let a draught- be made: Ad., add to; Ad üb. . at pleasure; Aq. , watan^ 
X., mix; Mac., macerate; Pulv. , powder; Pil.« piU; äolv., dissolve; St . letltstand; 8um.. tobe 
taken; D., dose; Bit, dilute; Filt , fllter:^Lot . a wash; Qaig., agaigla; Bor. X>ecub., atbedtimai 
Inject • tnJectlOBs Gtt.» diopt; ts« ooa-half ; J£ss., assenca. 



palgadaddUiMa) 
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WEIGHTS AND MEASUBSS OF THfi PHILlPPINSa 






.027 inch. 
11.126 inches. 
88.376 incheSb 
, .8796 gailon. 
21.991 gallonai 



1 libra (16 onso) 

larroba 

1 catty (16 tael) 

1 pecul (100 cattjl 



1.01441b «r. 

26.860 lb.aT. 

.^.304 Ib an 

180.482 Ih.«?, 



Pages 76 to 79 are. by permiaaion, taken trom the World Almanao of 1918. 
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SYNTHETIC CARBOLIC ACID FRQM BENZOL 



I. Hydrocarbons (continued) 



81 



Indene 

Hefdtyle&e 

Ftteodocamene 

MTaphthalene 

Hethylnaphthalene 

Bimethylnaptathalene 
Biphenyl . 

Aoenapht]ieii,e 

nnorene . 

Fhenaathrene 

nuoranthrene 

Antiiraoene 

Meihylanthracene 

Fyrene 

(Äiysene . 

Piottie or Paraehijrseiie 



Formala. 

r h" 

V83Ü14 



Molting Point 



Fluid 

II 

»9 
f> 

a Flaid ; ß 33* 
Fluid 

rr 

113* 
100* 
109* 
213* 
210* 
149* 
250' 
239* 



Boiling F«>int 






146' 
176'— 182* 

163* 

169' 

218* 
242" 
264* 
254' 
277' 
295* 
340* 
Above 360** 



II 



II 
520' 



IL Other Neutral Bodies 



Formula. 



Carbon disulphlde 
Etl^rl alcohol . 
Acetonitrile 
Thiophene . 
Thiotolene 
Thioxene . 
Benzonitrile 

Phenythiocarbiinide . 
Garbazole . 

Phenylnaphthylcarbazole 
Conmarone 

Diphenylene ozide 



Iffelting Point 



CS, 
C2H5 . OH 

C4H4S 
CßHijS 
CqHsS 

C»H«NS 

CjoHjN 

CiiHnN 

CÄÖ 

Ci^HgO 



III. Bases 




Pyirol 

Pyridine 

Picoline (a, ft and 7) 

Lntidine (4 isomers) 

CoUidine . 

Aniline 

Qoinoline . 

Qoinaldine 

icridine . 



Fonnula. 



Melting Point 



OAN 
C5H5N 

C»H»N 

OeHiiN 

CeH^N 

C,H,N 

C,oH,N 

C„H,N 



Fluid 



II 
11 
11 
II 
*» 
»> 



Bolling Point 



lor 



126* 

iie** 

134**— 144* 
142'— 157* 

179' 

182' 

239* 

243'* 
Above 360** 



Phenol 

o-Cresol 

p-Cresol 

m-Gresol 

a-Naphthol 

/SNaphthol 

Zylenola and otlier hiffh boilinir 
Phenols ^^ 




IV. Phenoh 



Formula. 
CJiTeO 

CyHgO 

cjHeO 

aH.o 

CioHsO 
CioHsO 



J 



HeltiQg Point 



42* 

3r 

4* 

94' 
123* 



Böiling Point 






188* 
188* 
198* 
201* 
280' 
28(r 



«2 GBO. H. STEVENS, CHEMICAL ENGINEER, NBWARK, N. J. 
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